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TURBO-MIXER CORPORATION UNIT 
GENERAL AMERICAN TRANSPORTATION CORPORATION 
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The intimate contact between catalyst, oil 
and gas inthe Turbo hydrogenators assures 
Armour & Company of: 


1. A reduction in conversion time. 
A savings in H.P. Hr. consumption. 
Selective hydrogenation. 
Precise operational control. 


Excellent self-induction of gas from 
the vapor space, eliminating outside 
gas or oil recirculation. 


Turbo-Mixer Corporation has a back- 
ground covering many years of successful ex- 
perience inthe supplying of hydrogenators. 
They are designed for 24-hour continuous 
service in any desired capacity. 

For mixing liquids with liquids, solids 
and or gases, with the greatest custom- 
built efhciency—see Turbo- Mixer. 


ARMOUR’S NEW 
TURBO-HYDROGENATORS 
save money in 


processing fats, oils, 


fatty acids and 


nitriles 


To complete the modern design of the new 
McCook, Illinois plant, Armour & Company's 
design engineers called on the engineering 
staff of Turbo-Mixer Corporation for the 
hydrogenation section. The latest design 
Turbo-Mixer hydrogenator, both stainless 
steel and carbon steel construction, were 
developed for the capacities desired. These 
units are used for the hydrogenation of fats, 
oils, fatty acids and nitriles. 
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SALES OFFICE: 10 EAST 49th STREET, NEW YORK 17, NEW YORK 


General Offices: 145 South La Salle Street, Chicago 90, Illinois . 


Offices in all principal cities 


OTHER GENERAL AMERICAN EQUIPMENT; ~ORYERS © EVAPORATORS + THICKENERS 
DEWATERERS * TOWERS * TANKS * BINS * FILTERS * PRESSURE VESSELS 
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All engineers concerned in de- 
velopment will find some valuable 
suggestions in Opinion & Comment 
which is written this month by Bill 
Nichols, director of the general 
engineering department of the 
Monsanto Chemical Co. Data for 
design of plants are an engineering 
must, as we all know, and Bill 
pounds the table a bit, wondering 
about the way engineers get the 
facts they need, and suggesting a 
pre-pilot plant, pilot plant. 

Big openings for graduates—Are 
you interested in metallurgy, in 
research and development? Do 
you have a knowledge of chemical 
equipment? Possibly you have had 
experience in industrial and chemi- 
cal plant design. See the Classi- 
fied Section this month. 

This month's issue contains a post- 
meeting review (Minneapolis) and 
a pre-meeting story (Columbus). 
It's too late to nurse regrets over 
not attending the regional meet- 
ing but time aplenty to arrange 
your affairs so that you can meet 
your friends at the Buckeye state 


Are chemical engineers bad super- 
visors? Does their management 
1.Q. need polishing? As a group 
they failed to get a passing mark 
on the management test given at 
Minneapolis. See page 16. 

Waldemar Kaempffert, writing in 
a recent issue of the New York 
Times says that an engineer would 
have done a better job in design- 
ing the human body. An engineer, 
he claims, “would not have put 
the whole weight of the body on 
the small of the curved back and 
on two inadequate feet, nor would 
he have made the heart strain 
itself by pumping blood vertically 
against gravity.” Thinking about 
W. K.’s fault-finding, we admit he 
has something, but for a perfect 
body engineering-wise, the only 
thing we can visualize is a snake. 


Another reminder to C.E.P.— 
C.AR.E. (in cooperation with 
U.N.E.S.C.O.) is continuing to ac- 
cept money for the purchase of 
scientific and professional books 
for public and university libraries 
and technical groups in more than 
a dozen countries. Read on page 
20 how technical knowledge can 
be -sade available to Louvain 
University. 
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RAPID REACTIONS — BETTER 
with the NEW 


The Fisher-Gold- 
man Mixer, com- 
plete with stand, 
jar, and base; price 


$225.00. 


The arrows trace the fast, out- 
ward-upward-over-down move- 
ment of the mixture which pro- 

a duces exceptionally thorough 
With the Fisher-Goldman Mixer, sulfuric acid can be blending. 
added to castor oil for sulfonation in one-tenth the time 
required with ordinary stirrers without any burning effect. 


The unique arrangement of stirrers and baffles of the Fisher-Goldman 
Mixer, manufactured by Fisher Scientific Co., produces an intimate inter- 
mingling of the batch components which is vastly more effective than 
ordinary stirring or mixing. 

The capacity of up to three gallons of the Fisher-Goldman Mixer makes 
it useful for processing small batches as well as for laboratory and pilot 
plant operations. It is a completely new departure in mixing technique. 


Write for complete information and specifications. 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC CO. EIMER & AMEND 


717 Forbes St, Pittsburgh (19), Pa. Greenwich and Morton Streets 
2109 Locust St, St. Louis (3), Mo. New York (14), New York 


New Washington Plant: 7722 Woodbury Drive, Silver Spring, Maryland 
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better CHEMICALS 


through 


from fiow ond slide rele 
to fabrication and erecti 


specialized chemicals and products? ... Foster Wheeler 
has had continued successes in the erection of specially 4 
designed units which include some of the most efficient 
plants in the world. For full particulars, write . . . 


CREATIVE 
EVAPORATOR 


Assured results with 
CONKEY INTEGRAL EVAPORATOR...savings in 
first cost...continuing savings in operating costs 


FIRST COST SAVINGS start when the 
Conkey Integral Evaporator is deliv- 
ered to your plant. Shipped completely 
assembled, a single up-ending opera- 
tion sets it in place. A minimum of 
space is needed because of its vertical 
design. And its integral construction saves 
additional space —no external centrifugal 
type separators, no outside flash tanks or 
piping are needed. Structural supports 
arecliminated, too. Foundation isasimple 
slab. In mild climates, outdoor installa- 
tions are practical. Only pumps and in- 
struments need weather protection. 


CONTINUING SAVINGS RESULT with Conkey 
design because it reduces pressure drop 
losses between effects and provides in- 
creased working temperature drop across 
the heating clement surface. Result: a net 


positive gain in evaporation, extra evapo- 
rating capacity for the same heating 
surface under the same working conditions. 


TO FIT SPECIFIC PROBLEMS, evaporator can 
be built with fusion welded construction 
in steel plate and also with all weldable 
metal and alloys. Design also permits 
construction to meet ASME and API- 
ASME codes for high pressure operation. 
Write for all the facts. 


Process Equipment Division 


Dew aterers, Dryers, Towers, 


Sales Offices: 10 East 19th Street. New York I7,N.Y. 
OFFICES UN ALL PRINCIPAL CITIES General Offices: 135 S. La Salle St., Chicago 90, IL. 
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Eisler Rodio Tube Machine showing Kinney Single Stoge 
Pump used for initio! pump-down and for backing 
Eisler Pump. The vocuum exhousting process is fost, 
sure, and extremely complete moking possible 
longer lived. better performing tubes 


Notional Research Corporation hi vocuum metol- 
lurgical furnece. Kinney Pump uv for roughing ond 
for batting diffusion pumps. In high vacuum fur- 
naces metals like Titanium, Zirconium and Molybdenum 
ore being cast or treated in the pure gos-free stote. 
These vocuum processed metals display new quolities 
of ductility and conductivity .. . new odvantages 
possible by Kinney -creoted flow obsolute pressures 
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Kinney Pumps your first thought for 


Why do so many modern vacuum proces 

Kinney Vacuum Pumps? Because these Pumps save processing 
time, because they conserve operating costs, and because they 
can be trusted on the job. If you want fast pump-down and 
minimum equipment “down-time”, the Kinney Pump is the pump 
you need. Write for Bulletin V45, the complete story on 
Kinney High Vacuum Pumps and Equipment. 


KINNEY MANUFACTURING CO., 3546 Washington St., 
Boston 30, Mass. Representatives in New York, Chicago, Cleve- 
land, Houston, New Orleans, Philadelphia, Los Angeles, San 
Francisco, Seattle. 


Foreign Representatives: General Engineering Co. (Radcliffe) 
Ltd., Station Works, Bury Road, Radcliffe, Lancashire, England 
Horrocks, Roxburgh Pty., Ltd., Melbourne, C. |. Australia... 
W. S. Thomas & Taylor Pty., Ltd, Johannesburg, Union of South 
Africa . . . Novelectric, Ltd., Zurich, Switzerland . . . C.1R.E., 
Piazza Cavour 25, Rome, Italy. 
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THIS ONE VALVE 
DOES TWO JOBS WELL 


CRANE ALLOY PLUG GATE 
IN CRANE 18-8 MO OR MONEL 


Use this valve as a gate or as a globe—you'll get top 

performance in either service. The flow-lift curves, at 

right, prove it. In wide open position, flow through a 

Crane Plug Gate equals that of a wedge gate valve. In oe : 

throttling service at high velocity, Crane Plug Gates © Me. 18851 and Ne. 17751 Plug Gate 
operate with the same efficiency as conventional plug ; Werking Pr 150 pound: 


type globes. |  Hiquid or ges; 350° F. max. temp. 
Sizes: 4 te 2-in. 


In addition to their dual utility, these valves combine 
highest resistance to corrosion and product contamina- 
tion. Made in two materials, all parts in contact with 
flow are either finest quality Crane 18-8 Mo Stainless 
Steel or Monel. Note these typical outstanding features. 


CIRCULAR PLUG DISC resists cutting action of fluid on seating 
surfaces. Disc does not turn with stem, thus reducing 
seating surface wear. 


smccunatay MACHINED SEATS—Disc and body seats are ma- 
chined to same taper. True disc alignment and tight 
seating assured on every closure. 


XTRA DEEP STUFFING BOX holds ample packing. Hinged gland 


bolts provide easy access for repacking. 

GHT, SAFE BONNET JOINT— Male and female bolted joint fully 
retains gasket. Four bonnet bolts distribute bolting 
load evenly 
SCREW AND YOKE DESIGN—Stem threads are out of NO STICKING ...HOT OR COLD 


contact with line fluids. Thread lubrication is easier. 
Risog stem indicates position of disc 


SE AS A GATE VALVE .. USE AS A GLOBE 


Cc 


DISCHARGE IN GALLONS PER MIN 


DISC LIFT. IN TURNS OPEN 


Flow Lift Curve for |-inch Plug Gote Valve, Conventioral 
W edge Gote Voive, ond Conventional Plug Type Globe Valve 


Circular topered disc and precisely matched curve- 
ture of body seats prevent sticking of disc —even 
when valve is closed while hot and opened when 
cold. Galling ditt ly d 
in smell alloy wedge gates, ore minimized. 


SEND FOR CIRCULAR NO. 320 for full in- 
formation about Crane Plug Gates and other 
Crane corrosion-resistant piping mate- 
rials. Ask your Crane Representative for Note the straight-through ports of moximum 
your copy, or write direct. No obligation. diameter; ond the simplified, strong disc-stem 
connection which prevents tipping of the disc. 


CRANE CO., 836 S. Michigan Ave., Chicago §, Hl. 
Branches and Wholesalers Serving All Industrial Areas 


EVERYTHING FOR EVERY PIPING SYSTEM 


CRANE 


VALVES « FITTINGS + PIPE +» PLUMBING AND HEATING 
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BUFLOVAK’S RESEARCH 
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BUFLOVAK BUILDS 


EVAPORATORS Vecuum Retery 
Pilet Plent 

Leow Temperature 

By -Product Recovery Atmospheric 

Chemicols PROCESSING KETTLES 

Foed Product Miners 

Crystetlization Impregneters 

pavers Depp Kerties 


Setvent Recovery & 
Vecuum Double Drum Distilietion 


SEND FOR CATALOGS 


OF BLAW-KNOK COMPANY 
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4 And get complete results 
Maintained for your use, it con help you 
Here tests con be completed, rangingfroma 
few beakers of precious materials to tank cor 
| Results are definite and production date: 
their users have been developed, such as,low 
_ temperature drying and evaporation. You, 
can get the right answer before you stort, 
proves at the start whether you are on the 
a CHEMICAL ENGINEERING PROGRESS Page 9 


The Link-Belt Dryer Laboratory is equipped with full-scale production machines. A test run 
of your material will remove discussion of drying from the category of ‘‘claims’’ into the 
category of observable production performance. You can see this performance with your 
own eyes. You can evaluate the results. The time required. The capacity. The efficiency. 
You can determine, in advance, the results you wish duplicated in your own plant. 

A test run can be arranged at your convenience. Simply write or phone your nearest 


Link-Belt Plant or Office. Send for Catalogs Numbers 1911-A and 2209. 


COOLERS « 


L N K B Cc M PAN Chicage 9%, Indionapolis 6, Philadeiphice 40, Atlante, Houston |, 


Minneapolis 5, Sen Froncisce 24, Los Angeles 33, Seattle 4, Toronto Johannesburg. Offices in Principal Cities. 
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LATENT HEAT AT 


Cleaver-Brooks Compression Stills ot Arrowhead & Puritos Waters, Inc., Los Angeles, Calif. This plont is one 
of the largest compression still installations in the U.S., producing over 100,000 gallons of pure water daily. 


Cleaver-Brooks Compression Stills offer 
Exceptional Economy in 3 Basic Applications: 


WATER PURIFICATION in quantity and quality. Potable water can 
be obtained from brackish or sea water — no need for pipe lines, trucking or barging from 
distant sources of fresh water. Where potable water is available a Cleaver-Brooks Com- 
pression Still produces a USP chemically pure, pyrogen free water, meeting the rigid stand- 
ards demanded for intravenous solutions or chemical processing. 


CONCENTRATION FOR RECOVERY ay Cleaver - Brooks 


Compression Stills recover valuable solids from fluid wastes from tanning liquors, brine, 
amino acids, penicillin slurry, black liquor from pulp-paper mills, other solutions and sub- 
stances. 


CONCENTRATION FOR DISPOSAL > S-*4 of voluminous or 


injurious wastes. Cleaver-Brooks Compression Stills provide an economical means of con- 
centration — meet the problem of handling wastes not disposable through local sewer sys- 
tems or where stream pollution or expensive hauling, piping or barging are prohibitive. 


Cleaver-Brooks Compression Stills are available in standard size units from 75 G.P.H., ; 
to 2100 G.P.H., electric or Diesel drive. Larger sizes to fit specific applications can 
be constructed for field erection. Write for bulletin “Compression Distillation”. 
CLEAVER - Brooks CompaANy, 393 E. Keefe Avenue, Milwaukee 12, Wisconsin 


* The merit of compression distillation lies in 

the efficiency with which latent heat is con- 
santly being reclaimed and utilized — re- 
cycling through the evaporator. 


Cleaver-Brooks ( 


Builders of equipment for the generation / 
and utilization of beat. 
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structures POSITIVELY 
UNDER ALL CONDITIONS ! 


“NATIONAL GROUND ANODES 


@ Regardless of what the job is... how corrosive the environment — 
whether wet or dry, hot or cold — you can depend upon “National” 
ground anodes to provide efficient, positive protection against under- 
ground and underwater corrosion. 
“National” ground anodes have proved themselves in 20 years of 
MORE THAN DOUBLE successful operation in many different parts of the country. They out- 
THE USABLE LIGHT! last other materials by a wide margin. They do not have to be dug up 
of and replaced every couple of years. Because they use a controllable 
flashlights—the brand new leakproof current source, it is simple and economical to adjust their protective 
Eveready” No. 1050 output to match exactly the requirements of any installation. 
flashlight battery —gives 
more than double the 
usable brilliant white 
lighe for critical uses 


than any other flashlight a 
battery we ever made The terms “National” and “Eveready” are registered trade-marks of 


NO METAL CAN NATIONAL CARBON DIVISION 
TO LEAK OR CORRODE UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17,.N. Y. 
District Sates Offices Atianta Chicago. Dallas. Kansas City Mew York, Pittsburgh. San Francisco 
Foreign Department: U.S.A. 


For complete details on “National” ground anodes, write to National 
Carbon Division, Union Carbide and Carbon Corporation, Dept. 7. 
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WHAT! 


COMMON complaint among chemical engineers doing 

process engineering is that they never have enough funda 
mental information to do a good design job. The justice of 
this complaint is hardly to be questioned, although there may 
be valid reasons for going ahead with design in the absence of 
“enough information 


The laboratory research phase of a complete project is likely to 
represent a relatively small portion of the total project cost. As a 
matter of fact. it is not unco 


non to find that overdesign, or 
rectification of defects in design, may amount to more than the 
whole cost of the laboratory phase. Why is it, then, that there 
appears to be so much difhculty in securing for engineering design 
the data which the engineers consider advisable, if not essential? 


One of the problems is to determine when to secure detailed 


data, lacking definite indications that the project ever will 1 
engineering phases 


ach 


Thoughtful research direction may identify 
crucial items on which excessive attention may be risked. Perhaps 
in the long run such skillful treatment would pay off. By the 
time engineering information is necessary, the research team may 
be broken up, the personnel probably have gone on to other work 
and samples may be exhausted or lost. In such an event, then 
engineers may be asking the research people to plow over old 
ground, a procedure seldom entertained with pleasure by the 
typical researcher. Requests for more data may encounter active 
or passive resistance and perhaps at most cignihed 
rather than enthusiastic cooperation. In the long, complicated, 
expensive course of the development of a project, engineering need 
for data usually appears a long time after the corresponding 
laboratory work has been completed and the equipment has been 
dismantled, but some resistance to determining physical properties 
is based on the fact that such work is just plain uninteresting. It 
seems to escape most people that empirical experiments, though 
more interesting, are much more costly than securing fundamental 
data where the latter course will suffice 


Pilot plant operations of the usual sort are extremely expensive 
both as regards equipment and operating costs. It is doubtful 
whether there is ever occasion for deciding to operate a pilot plant 
on a substantial scale unless there is already ample evidence of 
the economic soundness of the project. The ordinary pilot plant 
is not the place to study the fundamental characteristics of a 
chemical process, though it is a rather common misconception 
that no other studies are dependable. At worst, a pilot plant repre 
sents lack of proper confidence in small-scale work. At best, a pilot 
plant can be a demonstration unit 


perfectly 


Ideally, it should function 
just as one hopes a full-scale plant will do. If a pilot 
unit does not function in accordance with expectations, then it is 
evident that research or design work has been less than fully 


effective 


We are prone to rush into pilot scale work long before we 


should. Some of this 


inordinate haste is 


associated 


with 
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the tendency for the talented industrial research people to press 
ever onward and to be bored with details involved in the study 
of reaction conditions, corrosion phenomena, sampling and analysis, 
physical properties of reactants, intermediates and products. Some 
of this haste is due to management pressures, once real promi 
of valuable results has been indicated 


One way to help the situation is to cultivate the principle th 
design engineering should be done with, rather than withou 
pertinent fundamental data. At the earliest time feasible, desig 


engineers should outline items of information needed and pre 


curing this information should be regarded as a 
the labor 


normal part ¢ 


wy research job. Reasembling equipment and re 


assigning personnel need not be exasperating or repugnant t 
research management if there ts common understanding of th 
importance of the work 


Devotion of the inconsiderable funds fo 


this sort of activity ought to pay large dividends in engineerin 
progress and quality of plants 


There is a further thought which deserves consideration. W 
have a profusion of devices at our command 


nowadays, whic 


make it possible to create laboratory apparatus assemblies and 


measure temperatures concentrations 


pressures flows, and 


forth, in ways not dreamed of a few vears ago. Is it not possibl 


that we often overlook opportunities to solve problems at the 


laboratory level in our fear of abnormally high material or radia 


tion losses? Are we not still too often substituting empirical experi 


menting for fundamental studies? 


It is suggested that in some cases at least a pilot plant may be 


entirely feasible on a miniature scale 


Such units have been used 


with great success, Engineers are prone to think too rigidly in 
terms of large-scale operations, and research people too apt to 


reserve for themselves all small-scale work 


Whether it supersedes 


the true pilot plant or not, perhaps there are possibilities in 


miniature 


which is to say 


pilot plants integrated units on 


the laboratory scale 


designed by engineers. In such units, the 
data the engineers say they need may be secured, in accordance 
with a prepared plan 
Admittedly 


and including materials of construction 


studies great ingenuity may be demanded to solve 
problems imposed by the small size of plant elements and the 


small quantities of materials flowing but this sort of ingenuity is 


one of the principal assets of creative chemists, engineers and 
physicists. Along with 


miniature plant” operations might go the 
determinations of physical properties and system characteristics 
that would complete the fund of information which the design 
engineers would find of greatest value 


Certainly there seems ample opportunity to save money by such 
means and it is questionable whether over-all time requirements 
would be any greater than if such a step were omitted. Perhaps 
we ought really to “make our mistakes on a small scale” instead 
of just enunciating the principle 


W. T. Nichols 
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TAKE A CHANCE WHEN 
PROCESS CORROSIVES?. 


_ KFEP structural steel walls and ceilings free from attack by 
corrosive fumes and gases — paint them with TYGON PAINT. 


This chemically inert plastic goes on like paint, air dries 
quickly, forms a tough, durable, “live” plastic film that provides 
continuing protection against corrosion long after the failure 
point of the best oil-base paints. 

Tygon Paint will handle effectively the fumes and gases 
ot almost all acids and alkalies, and at temperatures as high as 
190-200 
check or “alligator.” 


F. Ie will not oxidize; neither will it crack, craze, 


And with Tygon Paint you're not limited to dull blacks, 
drab greens or grays. Tygon Paint is available in a wide range 
of sparkling clean colors, including white. 


Write today for a free test 
panel of Tygon Paint. Hang 
it in your plant where corro- 
sive fumes are worst. Stack 
its performance against any 
competitive coating. We 
think you, like thousands of 
others, will standardize on 
TYGON. Address your re- 
quests to Plastics and Syn- 
thetics Division, The U. §. 
Stoneware Co., Akron 9, 
Obio. 


SS 


U. ST 


SPECIALISTS IN REDUCING PLANT MAINTENANCE COSTS 
THROUGH MORE EFFECTIVE MEANS OF CORROSION CONTROL 
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HERE’S HOW TO PREVENT THIS! 
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In the September issue Chemical Engineering Progress published three papers contributed to the Chlorine- 


Alkali Symposium at the Houston meeting. . . . 


In this issue the symposium is concluded with the pub- 


lication of two more papers . . . the first covers the chlorination of organic materials during the Deacon 


reaction and the second describes the experimenta 


evaporator. 


ORGANIC 


ROBERT M. CRAWFORD 


CHLORINATION 
WITH HCI 


Consulting Chemical Engineer, Buffalo, New York 


HE Deacon process for making 

chlorine consists in passing a mix- 
ture of hydrogen chloride and air over 
a catalyst consisting of a porous carrier, 
such as burnt clay, pumice, and the like, 
which has been impregnated with a solu 
tion of a copper salt, usually the chlor- 
ide. At temperatures of 400°C. to 
500° C, the hydrogen chloride is, in 
part, converted to chlorine 
tion is a reversible one and reaches an 
equilibrium, with respect to tempera- 


This reac 


ture, as will be shown later. It is re- 
corded that at a temperature of 450° ¢ 
and with 100% excess oxygen, as Oy, 
the exit products have a composition of 
about 25% HCl and 75% Cl.. 

When chlorine gas is used for the 
chlorination of 
such as benzene, toluene, methane and 
the like, one half is converted to hydro- 
gen chloride, which is usually recovered 


organic compounds, 


as a salable by-product of such reac 
tons 

Since, in the Deacon reaction, hydro- 
gen chlorine is converted to chlorine, 
and, in organic chlorinations with chlor- 
ine gas, chlorine is converted to hydro- 
gen chloride, it would appear reasonable 
to effect chlorination of an organic 
compound by supplying the vapor of the 
organic substance to the reactants of the 
Deacon process and expect the chlorine 
liberated to chlorinate the organic sub- 
stance. Under such conditions the gen- 
eric reaction would be 


RH + HCl + 4O, = RCI+H,0 


*(1) 


Theoretically the removal of chlorine, 
as formed, by chlorination of the or- 
ganic would tend to drive the reaction 
to completion, to the right, and contri 
bute to greater chlorine liberation 

In the early 1920's Ernst and Wahl, 
of L. G. Farben, reported the chlorina- 
tion of methane (7), ethane (&), and 
benzene (9) by passing a mixture of 
the respective organic vapor, hydrogen 
chloride and air over a supported cata 
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lyst (cupric chloride on pumice), at 
temperatures above 300° C. The patents 
vield little, or no, information with re 
spect to yields or methods of applica 
tion. At about the same time Tizard 
(17) patented a two-step process tor 
chlorinating hydrocarbons by contact 
with a metal halide, CuCl,, at about 
500° C, He used a supported catalyst 
and an intermittent process wherein the 
reduced salt is regenerated by separate 
treatment with hydrogen chloride and 
oxygen. The following reactions prob 
ably take place: 
chlorination 
RH + 2CuCl, = RCI + CuCl, + HCI 
(2) 
regeneration 
Cu Cl, + + 
= 2CuCl, + H,O 
(3) 


His only example covers the chlorina- 
tion of methane and he gives no infor 
mation regarding yields or methods 
used. 

In 1933 Mares (12) discloses the 
chlorination of benzene with chlorine 
and oxygen and wherein the hydrogen 
chloride formed is oxidized, by the 
catalyst, to chlorine which, being pre 
sent, chlorinates additional benzene. His 
catalysts consist of 
aluminum, together with copper, iron, 
or cerium. Copper chloride on pumice 
is also referred to Hydrogen chloride 
is mentioned as being added to the re 
actants, but, the process would not cover 
chlorination with hydrogen chloride and 
oxygen without the addition of chlorine. 
The following reactions take place step 
wise: 


compounds of 


+ Cl, = CgH,Cl + HCI 
(4) 
+ HC] + 
= CgH,ClI+H,O (5) 


During the past four years the petro 
leum industry has been taking out 
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AND AIR 


| work done on the Dowtherm-heated commercial 


patents on similar modifications of the 
Deacon process making use of fused, 
molten catalysts, or the fluid technique 
and wherein the catalysts circulate im 
separate zones for chlorination and re 
generation. Gorin (11) describes the 
use of a fused copper chloride: potas- 
sium chloride mixture for chlorinating 
aromatic, or aliphatic, compounds. As 
described, a melt of cuprous chloride 
and potassium chloride flows down- 
wards in a tower, at 250-400° C 
in it contacts a mixture of air and hydro 
gen chloride and wherein the cuprous 
chloride is converted to cupric chloride, 
The hot melt is then pumped to the top 
of another tower wherein it flows dowr 

wards and countercurrent to the hydré 

carbon vapor to be chlorinated at 32 

500° C. The reduced catalyst is r 

cycled to the top of the first tower, T 

advantages of this process are claim 


where 


to lie in the high hydrogen chlori 
conversion to chlorine and in the al 
sence of oxygen in the chlorinati 
stage. A catalyst composition for thi 
process is patented by Fontana (10 
claiming a catalyst consisting of 25-4 
mole KCl, 5-65 mole % ar 
10-60 mole % CuCl, 

\ British patent (16) to Socon 
Vacuum corresponds in general to th 
Gorin and Fontana patents, just des 
cribed, but involves the fluid techniqn 
and for the chlorination of saturate 
hydrocarbons There is disclosed 
3-step, 3-zone, process consisting ¢ 
oxidation to CuO: CuCl,, conversion t 
CuCl, and chlorination of the hydrocar 
bon which converts the catalyst t 
CuyCly. In this process copper oxide 
are suspended on an inert carrier, suc 
as clay, infusorial earth, alumina gel, or 
silica gel, together with the addition of 
potassium chloride which is said to aid 
in the absorption of oxygen. 

DeBenedictis & Luten (6) cover a 
molten catalyst consisting of 30-50 mole 
% CugCly, 15-25 mole % PbCl, and 
25-45 mole % alkali metal chloride 
They claim 989% conversion of hydro 
gen chloride to chlorine and the chlor- 
ination of olefins to the olefin dichlor- 
ides 

Riblett (75) discloses the chlorination 
of methane to methyl-chloride by re- 
action with hydrogen chloride and oxy 
gen, at 400°C., in the presence of 
pumice impregnated with cupric chlor 
ice 

Cass (1-5) describes the preparation 
of chlorolefins by the use of a mixture 
of hydrogen chloride and oxygen, at 
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4 


Deacon Equilibrium Constant 
According to I. Koppel 


Pig. 


).500° C., in the presence of pumice, 
ca gel, or alumina gel, containing a 
yper salt. Mention is 
chlorine 


made ot pre 
products 
en the temperature is low and of low 


ninating addition 

lds, by pyrolytic reactions, when the 

perature is high 

t is beheved that these modifications 
udaptations of the Deacon reaction, 
the chlorination of organi 

without 


nmercial success because the temper 


com 
mils, have been significant 
yield 
that 


decomposition and/or oxida 


es, at which the catalysts 


wine efficiently, are so high 


oly sts 


of the organic becomes a dominat 


leature further, conditions often 


such that undesirable side reactions 


place. In the case of benzene, for 


arce, the presence of water vapor 


GENERAL VIEW OF CONTACT CHAMBER 


Fig. 2a 


columns. Contact chamber, 
portion of assembly shown 
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Motor on right drives circulating air fan for 
cooling. Automatic temperature control panel between 
constitutes upper 
Lower duct, entering from 
right, carries reactions from vapor mixer 
carries products of chlorination to separation column. 


proper, 


leads to the formation of 


hydrolysis of monochlorbenzene formed 


phen by 


chlorinated to 
products which 
chlordiphenyl and 


easily 
Onther 
form are diphenyl 
tarry matter 

It is of interest to contemplate the 
equilibrium constant (K,) of the Dea 
reaction as applying to the 


The 


believed to he 


which, in turn 
chlorphenol 


con ihove 
equa 


given by 


accurate 
that 


adaptations most 
thom 


1. Koppel, viz 


2Cl, + 2H,O <2 4HC1 + O, 
PB P*, 


Poo? 


K 


log K, = T 2.1% log T 
Calculations for K, at several tem 
peratures, by the use of this equation 
give the curve shown in Figure 1. An 
this 
that lower, rather than higher, temper- 
atures favor the release of chlorine in 
reaction. Catalyst 
then, at low temperatures, is essential 
for the attainment of this desired end 
Dr. Walter H. Prahl, then research 
chemist for Dr. F. Raschig, GmbH 
Rein, Germany, now di 
rector of research for Durez Plastics & 
Chemicals, In North 
N. Y., in 1930's, 
erious study of catalysts for the Deacon 
reaction for application to the chlorina 
thon of 


imspection of curve clearly shows 


the above activity 


Ludwigshafen 


Tonawanda 


the early initiated a 


benzene, as a necessary step it 
his development of the 
thetic 


synthesis 


Raschig syn 
this 
hydro 


phenol process In 
monochlorbenzene is 
lyzed with water 


ofa 


vapor, m the presence 
to produce phenol and 


hvdrogen chloride 


catalyst 
the latter being re 


covered im the form of in aqueotts solu 


center. 


Upper duct Three 
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tion, and it was for the purpose of 
utilizing the recovered acid that work 
was begun on Deacon catalysts. As a 
result of this study Prahl developed 
efficient catalysts which consisted of 
certain clays, alumina gel, or silica gel 
contaming copper, together with metals 
of the groups 3 to 8 of the periodic sys- 
Of prime interest, and importance, 
was the were 
efficient for the chlorination of benzene 
at temperatures well wor c 
(13-14) 

Prahl discarded the 
pregnated carrier type of catalyst for 
the reasons hereim then, 


tem 
fact that these catalysts 


below 
usual im 


soon 


stated. He 


< 10-*T +683 10-*®T? + 0.296 


conceived the idea of a coprecipitated 
aluminum 
hydroxide, to- 
gether with the promotors mentioned, 
were coprecipitated by adding a solution 
of copper chloride, and group metal 
chloride in aqueous hydrogen chloride, 
to a solution of 
tering, washing and drying 
of this type at 
from hydrogen chloride and air 


mass wherein, for instance 


hydroxide and copper 


sodium aluminate, fil- 
Catalysts 
once yielded chlorine 

in the 
presence ot benzene vapor 


as 220° C 


at temper- 
atures as low 

The greatly increased activity of co 
precipitated catalysts has been disclosed 
im literature by Krauch and 
They theorized on 
activity by 


Adaduron 
Jaeger catalyti 
assuming the presence 
“active nodes,” or 
upon which cataly 
sis centered, or took plac e 


mitted 


within the mass, of 
pomts of activity,” 
They sub 
m explanation of the increased 
activity of coprecipitated catalysts, that 
a tar so-called 


greater number of the 


AQUEOUS HCl EVAPORATORS 


Fig. 2b. Vapor mixer is vertical steel vessel rear- 
Eight tantalum bayonet heaters shown, four on 
each of two evaporators. 


otographs in this article courtesy of Durez 
Plastics & Chemicals, Inc 


| 
7 
4 
| 
ia 
| 
: 57 
fo 
ve 
ate 
t 


nodes, or points were present in a co- 
precipitated mass than were present in 
simple carriers impregnated with a solu- 
tion of the catalyst proper. The suc- 
cesstul work of these men in the field 
of catalysis is too well known to dwell 
further upon here 

As Prahl finally developed the proc 
ess, chlorination consisted in passing a 
controlled, mixture of 
zene vapor water vapor 
chloride and air through his mas« at 
temperatures between 235° C. and 245 
C., under which conditions about 98% 
of the hydrogen chloride was made 
available as chlorine monochlor- 
benzene was almost exclusively 
about 10% and with 
yields of considerably more than 90% 
Conversions were held to about 10 by 
providing excess benzene vapor, in ordet 


preheated, ben 


hydrogen 


and 
formed 
at conversions ot 


to suppress the formation of polychlor- 
benzenes would be undesirable 
for the manufacture of phenol. The 
process was put into small, commercial 
operation at Ludwigshafen in 1935 in a 
plant tor the manufacture of 
phenol per day. A large installation was 
put into operation in 1940 by Durez 
Plastics & Chemicals, Inc., at North 
Tonawanda, N. Y., which company ac- 
quired U. § the Raschig 
process in 1937 

In commercial operation benzene 
vapor trom a still is superheated to 
about 250° ¢ bank of steel tubes 
located in a direct-fired furnace. Air 
is preheated to about 125° C. in a separ 
ate bank of steel tubes located in the 
same Hydrogen chloride va 
supplied by 
acid 


which 


5 tons of 


rights to 


turnace 
por 1s evaporation ot 
acid-brick- 
for evaporation 
number of 
These re- 
quantities, are 


contained in 
lined steel vessels; heat 
is supplied by 
tantalum 
actants, 


aqueous 


steam mm a 
heaters 
controlled 
passed through a 


havonet 


vapor mixer 
acid-brick-lined 
which is packed 


consist 
steel vessel 


with helical 


ing of an 
ceramic 
assure a uni 
form mixture of reactants which leave 
the mixer at about 210° C. to enter the 
contact mass 

The contact are built of 
steel and are of cellular construction in 
which alternate cells are packed with 
catalyst. The heat of chlorination is re 
moved by air, circulated through air 
cooling cells located on each side of each 
catalyst cell, the cooling air being cir- 
culated by a fan. Automatic temperature 
control is had by providing a standard 
temperature controller, which coacts 
with a thermometer buib in the circulat 
ing air stream, and an air-motor damper 
on the suction thus 
outside cold air is drawn into the cir 
culating proportion to the 
cooling demand of the converter 

Products of the reaction, consisting 
of unreacted benzene. water, 


tile, its purpose being to 


chambers 


side of the fan 


system in 


mono 
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GENERAL VIEW DUREZ-RASCHIG SYNTHETIC PHENOL PLANT 


Contact chlorination building on right. 


Cuadinnn: overhead on left, for con- 


densing benzene: water azeotrope. Separation column inside tall building on left. 


chlorbenzene, nitrogen and small quan 
tities of dichlorbenzene and excess hy 
are roughly separated 
by fractionation, in an acid-brick-lined 
packed column which is provided with 
reflux of benzene and 
from this column 
consist of a two-phase system—a sub- 
natant layer of weak, aqueous, hydrogen 
supernatant layer of 
chlorinated benzene im solution 


drogen chloride 


controlled 


water. The bottoms 


chloride and a 
in ben 
zene. A vapor overhead from this col 
umn, being the azeotrope of benzene and 
water, is condensed in water-cooled 
surface condensers and separated in a 
for recycle 
from the 
acidproof 


continuous decanter 
flux. The 


flow to an 


as re 
column 
continuous de 


bottoms 


canter for the separation of the crude 


products of reaction which consist of 
about equal parts by weight of chlor 
and benzene. Being 
acidic, the organic product is 
then passed through a continuous alkali 
neutralization and then 
separated by continuous, fractional, dis 
tillation 


zene and a 


inated benzene 


slightly 
washer for 


monochlorben 
crude 


benzene, 
amount ot 
dichlorbenzene as bottoms 


into 
small 


The process is continuous throughout 
is operated by three men a shift and is 
ordinary steel equipment 
except, of course, where aqueous hydro 
gen chloride is encountered in which in 
acid-brick-lined, steel vessels are 


conducted im 


stances 
used. 

The above-described improvement in 
the Deacon demonstrated 
that it has economical im 
mercial operation since 1940 as 
in the manufacture of synthetic phenol 
and, this improvement has already found 
application in the chlorination of or- 
ganics other than benzene 


reaction has 
been com- 


a step 
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It is pertinent to note that the invés- 


tigations of the author, thus far, have 
indicated that the generic reaction 
RH + HCl + = RCI+H,O ap 
pears to be a broad one with the proper 
catalyst and operating technique appli- 
cation 
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DOWTHERM-HEATED FINISHING EVAPOR- 


ATOR FOR SODIUM HYDROXIDE 


W. L. BADGER 


Consulting Engineer, Ann Arbor, Michigan 


D. J. PYE 


The Dow Chemical Company, Pittsburg, California 


ETWEEN 1926 and 193), a number 

of mvestigations were carried out 

on the use of diphenyl as a heating 
medium in cooperation with the Federal 
Vhosphorus Co. (later the 
Corp.). At this time many possible uses 
for high temperature heating media 
were looked into, among them the 


Swann 


evaporation of caustic soda to high con 
Results of this specific 
Phase of the work were published in a 
aper by Badger, Monrad, and Diamond 


centrations 


experiments a vertical 


evaporator with a 
nele nickel tube 4, in. 1.D. byw 12 ft 
nig was employed The caustic wa 
circulated by a pump. The design of 
” apparatus aml the data for the ex 
riments were given in full (7). Heat 
anster cocthcients were determined up 
» 92° caustic, but, actually, many runs 
wre rack m whic h caustic wa finished 
NaOl 

The original apparatus, except for the 
ickel tubes, was built of tron and steel 
he iron parts rapidly corroded, and it 
came necessary to make the vapor 
wl of mckel cast iron, the piping of 
onel, The circulating pump was nickel 
st iron. In this form, the apparatus 
as run for many months without ser 
us corrosion of the apparatus itselt 
owever, the iron content of the caustic 
aml presumably the mickel content 
so) became high, so that the material 


oluced in all these runs was a dark 


Fig. 1. Diagram of Pilot Plant 


red-brown. It was not attempted at that 
time to show how high-grade causti 
could be made, but merely to prove that 
the process was feasible and that caustic 
could be brought to high concentrations 
with reasonable heat-transfer coefh 
cents. It is interesting to note that the 
results of this work showed that up to 
92%, the caustic film coefficient was so 
much higher than the diphenyl! film co 
efficient that the diphenyl film coefficient 
controlled 

In 1929-30, all funds for such experi 
mental developmental work disappeared 
\t the time the previous experiment 
were being carried out, Dowtherm was 
not on the market and, in fact, the pre 
sent eutectic mixture sold as Dowtherm 
1 had not been developed 

It was recognized that the principal 
factor in attempting to make a practical 
process out ot this was to nnprove the 
quality of the caustic. It was considered 
that there were no serious mechanical 
difficulties and no serious heat-transfer 
difficulties. The question, therefore, be 
came: of what material could the evapo 
rator be made so as to give a satisfac 
tory product 


Behavior of Nickel in Contact with 
High Concentration Caustic 
The problem was taken up by The 

Dow Chemical Co. and experiments 

were carried out in nickel beakers under 

the direction of S. B. Heath. The first 
experiments, run im open nickel beakers 


showed rapid mickel pickup in all cases 
Even after recognizing the necessity for 
avoiding air and oxidizing influences, it 
was found that all samples of electro- 
lytic caustic available at that time at 
tucked nickel readily as they came up 
towards finished caustic. One sample of 
pure caustic was tried, and it showed no 
attack on nickel. 

Because it was considered possible 
that chlorate, which is present in elec- 
trolytic caustic, might be causing the 
difficulty, attention was directed towards 
It was shown that if at 
mospheric air were excluded and the 
caustic were free from chlorate, there 
was zero attack on nickel by caustic 
soda up to its fusion pot. The problem, 
therefore, became one of chlorate re 


its removal 


moval 

Some experimentation had been done 
trying to use silver as a means of hold 
ing caustic at high concentrations; but 
this proved impossible, because the silver 
was attacked even more rapidly than 
nickel, although it did not discolor the 
caustic so badly. The cost of silver ap 
paratus with the replacement rates that 
were indicated by laboratory corrosion 
tests would have been prohibitive 

Attempts were made to find methods 
for reducing chlorate in strong caustic 
solutions. Obvious reducing agents 
were tried and found to be without 
effect. Finally, Mr. Heath and his co 
workers evolved a process by which 
50% caustic was treated with finely di 
vided iron and carbon, the residual iron 
and carbon filtered out, and the material 
blown with air for a considerable length 
of time to oxidize the dissolved iron 
This was satisfactory in that it did give 
complete removal of chlorate from the 
caustic solutions and, therefore, it ap 
parently cleared the way for future ex 
periments on the evaporator itself. 


Pilot Plant Operation 

The pilot plant work was done at The 
Dow Chemical Co.'s plant at Pittsburg 
Calif. In the fall of 1940 an experimen 
tal setup was built, with the cooperatior 
ot the Swenson Evaporator Co. This 
was worked on intensively until the fall 
oft 1942, when it was considered that 
sufficient experience made possible the 
purchase ofa tull-seale evaporator The 
installation is shown more or less dia 
grammatically in Figure 1. The major 
piece of equipment was an evaporator 
constructed of nickel wherever metal 
was m contact with caustx It had a 
heating surtace of 7 nickel tubes, 7-in 
OD... 16 gage 15 ft. long, assembled ix 
a vapor chest of standard 5-in. steel 
pipe. The heating medium was Dow 
therm vapor generated in a 500,006 
At the be 


ginning it was intended to run as a 


B.t.u. Dowtherm vaporizer 


forced-circuation evaporator, and, con 


sequently, the evaporator was provided 


with a turn leg and a circulation 
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pump. During the first few runs it was 
found almost impossible to keep this 
pump in satisfactory operation and, 
therefore, the pump was eliminated. At- 
tempts were made in one or two runs to 
operate the evaporator as a natural- 
recirculation long-tube evaporator, but 
this also proved to be too difficult. Con- 
sequently, from Run No. 8 on, the 
evaporator was run as a once-through 
natural-circulation evaporator. This ar- 
rangement is still used in the large- 
scale evaporator in practice. 
Considerable concern was felt regard- 
ing the possibility of the apparatus 
freezing up because of the relatively 
large radiating surface of so small a 
unit. Consequently, the evaporator body 
itself and many of the pipe lines were 
protected by having electric strip heat 
ers tack-welded on at various points and 
then the insulation put on over these 
heaters. These heaters proved to be a 
continual source of trouble due to local 
overheating. Consequently they had to 
be eliminated one after the other, and it 
was only when these heaters were finally 
gotten under control that the equipment 
If nickel is heated to 
a sufficiently high temperature, it is at 
tacked caustic 
Hence such hot spots put large amounts 
of nickel into solution. This was the 
most serious mistake made in the pilot 


was Satistactory. 


even by chlorate-free 


plant design ; and it was soon recognized 
that a much better method is to jacket 
the apparatus with Dowtherm. 

runs made in all, 
varying from a few hours up to 200 
hrs. In the runs the nickel 
attack was sometimes giving 
caustic containing as high as 800 p.p.m 
of nickel. The chlorate-removal treat- 
ment would be studied or an electric 
heater removed, and, little by little, the 
nickel contamination was reduced. Dur 
ing the last half of the final run, No 
17, which lasted for 200 hrs., the 
nickel content of the finished 
was 10 p.p.m. or less 


Seventeen were 
earlier 
serious, 


caustic 


Two runs were also made on caustic 
potash, and it was concentrated to 91% 
In KOH Run No. 2, which ran 85 hrs 
there was never more than 1 p.p.m. of 
nickel in the product, and most of the 
analyses showed only a trace of nickel 

During this experimental work, the 
material used was 50% caustic from the 
regular production of the Pittsburg 
plant. It treated for chlorate re 
moval by the use of iron, then blowing 
to oxidize the iron, and filtering. This 
had to be done in batches, and the con 


was 


trol was not always good. Some batches 


were chlorate-free; some batches 
and 
amounts of iron; and some batches stil! 
had chlorate in them. The material for 
Run No. 17, the most satisfactory, was 
practically free from chlorate during the 
entire period 

A summary of 


were 


overtreated contained excessive 


these experimental 
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runs is given in Table 1. 

From the beginning, it was decided 
to run at a vacuum of 15 in. referred 
to a 30-in. barometer. The reason for 
that was based on the data of Figure 2. 

The atmospheric boiling-point curve 
in Figure 2 is taken from the work of 
von Antropoff and Sommer (4). No 
data were available at all for any boiling 
points of concentrated caustic solutions 
under other than atmospheric pressure. 
Consequently, the only method available 
was to assume that the Dihring lines 
for this material ran through absolute 
zero and by this means to construct the 
boiling-point curves for pressures less 
than atmospheric. It is recognized that 
this is in error. In particular, the work 
of Monrad and Badger (2) on the boil- 
ing point of caustic solution saturated 
with sodium chloride shows that in no 
case do the Dihring lines run through 
absolute zero. However, for these con 
centrated this was the only 
method available at the time. 

On this same chart is plotted the 
freezing-point solubility curve as given 
by von Antropoff and Sommer (4) 
The solid phase is anhydrous sodium 
hydroxide throughout the range from 
76.2% NaOH to 100% NaOH. There 
is a phase transformation at about 
580° F. but the two forms of solid 
sodium hydroxide represented by this 
transformation have not been identified 
Apparently for any vacuum much 
greater than 15 in., the freezing point 
is higher than the boiling point from 
about 85% to 95% ; 
solid sodium hydroxide could separate 
in the tubes in this range. The curve 
for the boiling points at 15-in. vacuum 
is the only one that completely misses 
the freezing-point curve. The natural- 
circulation long-tube evaporator is un 
suitable for solutions that separate solids 
in the evaporator, and hence the decision 
was made to operate with this vacuum 

The choice of 15-in. vacuum for the 
pilot plant evaporator has proved to be 
not too far wrong. It has been shown 
many times that the temperature of the 
liquid being evaporated in a once 
through long-tube vertical evaporator 
may reach values at some intermediate 
point in the tube, considerably above the 
temperature corresponding to the pres- 
sure in the vapor head. In the present 
state of authors’ knowledge it is im- 
possible to predict the actual course of 
the temperature of the liquid in the 
evaporator under discussion, because of 
the great change in boiling-point eleva- 
tion. However, the concentration at 
which the freezing point approaches 
most closely the boiling point at 15-in 
vacuum must be at intermediate 
point in the tube and above the point 
at which boiling starts: and therefore 
under a pressure greater than that in 
the vapor head. Hence 15 in. im the 
vapor head is not necessarily the highest 


solutions, 


and therefore some 


some 
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PERCENT 
Fig. 2. Boiling Points and Free 


‘oints of Strong Caustic Solutions. 


vacuum at which this evaporator could 
In practice it is found that a 
vacuum of 18 in. is perfectly satisfac- 
Above 20 in. there is more or 
less chance of freezing the tube shut, 
and this will almost always happen at 
22 in 

Throughout the experimental work 
the material fed to the evaporator was 
50% caustic, although the plant at Pitts- 
burg steam-heated high 
concentrator that produced 70-73% 
caustic. The reason for this was two 
fold. First, and most important, it had 
been that the chlorate removal 
took place most readily at 50%. It was 
not possible to treat enough material in 
the experimental chlorate-removal 
equipment to keep the steam-heated 
high concentrator in continuous opera 
tion and thus furnish chlorate-free 70% 
caustic 


operate 


tory 


contained a 


shown 


Second, the location of the pilot 
plant evaporator was such that it would 
have been quite difficult to get caustic 
from one point to the other. It was 
believed that if the evaporator could be 
made to work on 50% caustic, there 
would be no difficulty whatever in oper- 
ating later with a feed of 70% or even 
higher, NaOH. 

During all the runs a certain amount 
of data was taken to make possible a 
rough estimation of the heat-transfer 


TABLE 1 


PILOT PLANT EVAPORATOR 
RUNS 


Approx Approx 
Range 


p-p.m. Ni 


Daration, 


290-380 
280-470 
260 


Training 
new crew 
a4 
20-60 
400-500 
400-1000 
40-19 
199 f 12 
Runs on KOH 
187.00 91 
#5 50 a9 


. 
| 
| 
| 
P 
we | | 
a | ww 
a 
| ] 7 
NaOH SOLUTION | 
70 7 6 6s 95 00 
{ 
Kun 
No bre NaOH 
2 6.00 
3 7.75 o4 
5 12.75 ve 
14.00 400-500 
7 15.00 92 320 
27.25 oe 90-115 
117.50 95 125-50 
10 
1 
1 
1 
1 
1 
1 
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coefherent. Alter the evaporator was in 
good working order a number of formal 
runs were made to determine the heac- 
transfer coefficient more accurately 

In these runs, each of which lasted 20 
comditions 


were manually 


trolled and held as constant as possible 


con 


Temperatures were read every two min 
utes The 


collected in a 


condensate 
calibrated and 
read at the beginning and end of each 
Heat 


Dowtherm was 


receiver 


transferred 


run was calculated 
from the Dowtherm condensate col 
lected. Equipment was not available to 


run a heat balance 

No travelling thermocouple was avail 
able, so the 
liquid trom bottom to top could not be 
mace 


a temperature traverse ot 


Coefficients are reported m term 


of the log mean temperature difference 
Since the rise of liquid temperature 
along the tube is due mainly to the in 
crease im concentration of the sodium 
hydroxide solution, its course probably 
does not follow that assumed in the 
derivation of the formula for the loy 
mean temper ature drop and so the loy 
mean a ha been calculated here i 
more or less fictitious However t may 
mean a little more than either terminal 


temperature difference or an arithmetic 


nickel from under 
treatment, or to a combination of both, 
it was obviously impossible to pack the 
product for market the 
product of all these runs was combined 
into some of the regular 


overtreatment, to 


Consequently 
pots m use 
at the plant and given a treatment. One 
pot, which made up entirely of 
material from the latter half of Run 17 
and was finished with the usual sulfur 
treatment, analyzed about the same as 
the average production at Pittsburg at 
that time 


was 


The purpose of the pilot plant work 
was really primarily to prove that with 


chlorate-free caustic, a nickel evapora 


tor would function over long periods of 
time and give a 


satistactory product 


While it is true that the best product 


made in the pilot evaporator was tll 
not really marketable caustic without 
turther treatment, nevertheless, it was 


amply proved that with proper opera 
the treatment of the 
caustic and the elimination of hot spot 


tron of chlorate 
due to electric heaters on the pipe line 

caustic sufficiently in nickel could 
be made, so that the life of the evapora 


low 


tor would be reasonable and the caustic 
made could be treated to make a market 
able product. It was at that time fully 


mean expected that the product of such an 
The formal heat-transfer determina evaporator would have to go to the pot 
ms are reproduced in Table 2 where for treatment before going to the drum 
. It wa however onsidered that the 
heat transferred, B.t.u. /he 
Saving, In space tuel and labor wa 
Miw log mean te mperature drop 
suthcient to justify the Dowtherm 
ated finishing evaporator, even though 
, the product had to he treated at the 
temperature ) and ( Dow i 
end tor color and iron 
therm vapor temperature 
feed temperature ) Preparation for Large-Scale Unit 
ver of ranster coeth Although the best results from the 
nt ased ; 
pilot plant were tar from being as good 
The approximate data taken during is had been hoped, it was decided at 
ordinary runs NaOH 16, NaOH 17 and once to order a unit to handle approxi 
1 were calculated to heat transfer mately 60 tons per day This wa 
etheient They gave coefficients of a ordered from the Swenson Evaporator 
magnitude comparable to those of Table Co. m 1942, but due to the exigencie 
but are not precise ene ug! to war of the war situation, was not delivered 
rant reproduction here until late in 1945 
Since the ev iporator was operating Camsiderable effort was put on the re 
only under a 15-in. vacuum. it wa moval of chlorates from the solutior 
possible to set it high enough so that am! on the behavior of nickel and iron 
the discharge of the concentrated liquor in these solutions. This work was done 
was by gravity. It came down through under direction of Dr. W. Hirschkind 
a nickel pup ending im a pair of nickel ! the (;reat Western Division of 
plug cock wn! was drawn imto drums The Dow Chemical Co. The reaction 
for turther treatment. Since, in all these between metallic iron, and caustic wa 
experiment the causti wa n bad tucdied, and the final conclusions were 
shape either due t excess iron tron reached 
TABLE HEAT-TRANSFER KUNS 
Dowtherm Het 
Vaper NaOu vapd 
Run No ve Tes Temy tb. hr Mis Cis 
nT 159,04 545 al 73.1 
148.500 ae a4 san 7a 674 
ura ‘4 ‘ ‘a ‘ 7 63.4 ‘4 
iso 59 125 Tas 1 
ure ‘ ‘41 125 70° 
178 ay 117 65 113 
uTe lar as 108 aa 
192,000 545 B41 137 67.8 117 
179 341 132 65.3 iia 
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1. Charcoal was not necessary 
2. Powdered iron would reduce chior- 
ates to a point less than 0.1 p.p.m 
3. Seo long as any chlorates were present 
in the solution, iron did not pass into 
permanent solution 

4. Once the last trace of chlorate was 
removed, iron went into permanent 
solution rapidly as ferrous iron 

5. This ferrous iron would react with 
chlorates, but the state of oxidation of 
the resultant mixture prevented re- 
moval of the iron and, therefore, 
overtreated and undertreated material, 
when mixed, did not give properly 
treated material 

6. A considerable change in the oxida- 
tion-reduction potential of the solution 
occurred at the point where the chlor 
ates disappeared, and it was found 
that this could be used as a means for 
controlling the iron dosage 


This work resulted in the development 
ot a prece of apparatus that has been 
patented (3). The exact mechanism of 
the reduction of chlorates by iron is 
discussed at length in this patent. This 
method of chlorate removal was pro 
vided in the installation built in 1945-46 

In the course of about a year’s 
this apparatus, it 
found that mechanical complications in 


ex 


perience with was 


connection with the control were so ser 
ious that precise control by this method 
was difficult; with the result that while 
the apparatus operated for more than 
a year, it was found that it produced 
both under- and 
too frequently The proces 
lore 


material 
has, there 


overtreated 


been abandoned 

Further work was then undertaken in 
1946-47, looking to new 
the control of chlorates. It was finally 
could he 
used for the quantitative reduction of 
chlorates im caust 


methods for 


found that certain compound 


and 
heen worked 
simplified in 

required 


soda solutions 
a method based on this ha 
out. The method is greatly 
that no treatment apparatus 
The reagent is simply added to the cau 
in the feed tank of the Dowtherm 
heated evaporator. The 


involved are 


sti 
exact methods 


and materials covered by 


patent applications now pending 


Full-Scale Equipment 


rhe essential features of the evapora 


tor supplied by the Swenson Evaporator 
(Co. and installed in the winter of 1945 
4 are shown in Figure 3. It is a ver 


tical-tube long-tube once-through na 


tural-circulation evaporator with an 


external Vapor head and 1 secondary 


entrainment separator. Discharge is bv 


gravity, and the apparatus is operated 
at approximately 15-in. vacuum. The 
heatime surface consists of 14-gage 
nickel tubes 74-in. O.D. x 20 ft. 0 int 
long. and all parts in contact with cau 
stic are of nickel. This evaporator was 
first put mto operation in the spring of 
1946, and on March 15, 1946, turned 


ut its first batch of finished caustic 
the 
nechanical difficulties appeared 
{ these 


several 
Many 
the 


During past two vears 


were due to features in 


October, 1950 


ap 

Vie, 
{2 
- 

| 
¢ 
= 

_ 

et 


design which have since been rectified 
or will be rectified with full confidence 
in future installations. In particular, in 
the original design there were not 
enough provisions to take care of ex- 
pansion; With the result that welds 
failed and leaks developed. Because it 
was thought there might be leaks where 
air could enter and thus cause nickel 
contamination, the whole apparatus was 
welded up without any which 
made repairs unduly troublesome and 
expensive. However, the greatest diffi- 
culty turned out to be due to the irregu- 
larities of the chlorate treatment. When 
undertreated there 
was a serious attack on the nickel. When 
overtreated material was fed, the tubes 
became plugged with an iron-containing 
deposit. the 1947 the 
tubes finally failed and the evaporator 


joints, 


material .was fed 


summer of 
had to be retubed. During this period, 
the evaporator finished about 6800 tons 
of caustic soda, yielding a product hav- 
ing an NaOH concentration of from 96 
to 97%. The nickel content was in the 
order of 5 to 25 p.p.m., although during 
an appreciable part of the operation it 
was held below 5 p.p.m. Since, due to 
the erratic behavior of the chlorate 
treatment, this caustic always contained 
iron, it was necessary to send it to the 
pots for treatment, and, consequently, 
the rather high nickel content did not 
make any difficulty 
complished the removal of the last of 


The pots also ac- 
the water, so that the concentration of 
96-97% was satisfactory 

One problem in connection with the 
performance of this commercial evapo 
rator has been the fact that plant re 
quirements for finishing capacity have 
been too small to keep the Dowtherm 
heated evaporator in operation continu 
ously. Consequently, its operation for 
the past two years has been irregular 
For long periods it was operated only 
At the present time, 
feels that the ap- 
paratus is completely reliable and almost 


three days a week 
the operating crew 
completely automatic 

With the change in chlorate treat- 
ment, a change in the 
quality of the caustic has occurred. The 
operation of the steam-heated high con- 


considerable 


centrator, which carries caustic to ap- 
in the Dow plant at 
is such that the caustic leav 


proximately 70% 
Pittsburg, 
ing this evaporator contains from 2 to 
5 p.p.m. of nickel 
time during 


Over that period of 
reducing 
become 


which the new 
agent has been used, it has 
established that the pickup in the Dow 
therm-heated evaporator is of the order 
of 1 p.p.m. or less. The intermittent 
nature of the operation of the Dow- 
therm-heated evaporator has prevented 
a more accurate appraisal of this, but it 
is certain at the present time that the 
evaporator can be operated in practice 
so as to contribute less than 1 p.p.m. of 
nickel to the finished material 
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Fig. 3. 75-Ton Plant Scale Evaporator. al 
ace 
T 
T 
EEC TOR 
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NLETBOVTLET 
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weer 
T 
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PROOUCT 
INTERMEDIATE 
SEPARATOR 
Product 


CONCENTRATOR 


garter 


The evaporator was designed to 
handle 75 tons/day. 
ated at capacities up to almost 115 tons 


day, but at this capacity the loss by 


It has been oper 


entrainment is Certainly the 
evaporator can operate continuously at 
60 tons/day, which is the present rate 
at which it is ordinarily used. 


serious. 


Dowtherm pressures have been grad 
ually raised until the Dowtherm vapor 
izer is now operating at 700 to 710° F. 
Under these conditions the evaporator 
will produce a caustic containing more 
than Na,O. 
have been produced recently show re 
spectively 99.70 and 99.73% total solids 
in the finished product. Because the 
setup at Pittsburg is such that it is 
more convenient to pack the material 
out of the pots, the product is still run 
to the pots and packed out of them 
This also makes it possible to run the 
evaporator 24 hrs. a day but to carry 
out the packing only on the day shift 

At the present time the ordinary 
natural-circulation Dowtherm vaporiz 
ers are not expected to operate at tem- 
peratures as high as 715° F. This is 
giving, as noted above, about 0.3% 
moisture in the final product, and since 


75% Two analyses that 
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at these concentrations the boiling point 
of caustic rises rapidly with increase in 
caustic concentration, a considerable in- 
crease in the temperature of the heating 
medium is desirable. In two Dowtherm 
vaporizers, one of them representing a 
design in actual service, the other repre- 
design not yet on the 
market, forced circulation is employed 
In such 
cases it seems possible to raise the Dow- 
therm temperature to as high as 760° F. 
without serious decomposition of the 
Such a vaporizer attached 
to an evaporator of the type in question 


senting a new 


instead of natural circulation. 


Dowtherm 
would have a considerable advantage. 
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HEAT TRANSFER AND PRESSURE DROP 
IN ANNULI 


Measurements on Plain and Transverse Fin Tubes Using Water 


JAMES G. KNUDSEN | and DONALD L. KATZ 
University of Michigan, Ann Arbor, Mich. 
One plain and six fin tubes, 9 ft. long, were tested in the range of smooth tubes has also been studied (4, 7, 


Reynolds numbers from 1000 to 70,000 in the annulus. The mechanism %, //, 18-20, 24, 28). Davis (6) made 
of water flow between the fins was observed. The correlation of heat a study of all data on the heat transfer 


i transfer includes factors to account for fin height and fin spacing. in annuli and recommends the following 
equation 

ATISFACTORY relationships for 031 Cy \*/ w \ Da De (6) 
predicting pressure drop and heat k “ k dD, dD, 


transier in annuli require the length 


“3 term which defines the geometry of the Wiegand (25) also made a study of all data and recommends the following 


annulus. The heat transfer and pressure ‘duation 


drop are a function of the dimensions Cu / De 

of both tubes making up the annulus. In j , 0.023 ( ) ( k ) (5 ) we? 

the case of an annulus with a smooth i, . . 

tube as the inner tube, it has been found ~ The value of m in Equation (7) is 0.3 
J that the diameter to use is Dg bulent flow in annuli and gives the for cooling and 0.4 for heating 

D,— D,. The equivalent diameter, Dg. — equation: Heat transfer in annuli containing fin 


is based on the hydraulic radius, i.e tubes has been studied (9, 10, 12, 17). 


For the heat transfer from fin tubes in 


(7) (D2 D,?) 
Dy tr, ~ lhe effect of the diameter ratio is seen annuli the data have been correlated by 


(#7) (Dy + Dy) to be small. Most published data on equations similar in form to Equations 


D, — D, (1) pressure drop for streamline flow in (6) and (7). However, no general cor- 
annuli agree with Equation (3) with _ relation has been given for heat transfer 
Pressure drop in annuli with smooth the value of & given by Equation (5) from fin tubes which considers the effect 
tubes has been studied (7-5, 9, 15, 23 und with » 1.( 16) f tube dimensions such as fin height and 
27) 3 fin spacing 
Using the equivalent diameter, J)», the bk’ 16(D, — D,)? 


Fanning friction factor in annuli is D.2 + D,? — D,* Experimental -qupment 
2 1 
4 given by Equation (2); m4 dD, D;) \ photograph of the equipment used is 
- — e shown in Figure 1. The heat exchanger is 
di ofl a (2 (9) 9 tt. long and consists of a clear plastx 
i/ db, a miter tube and copper plain or finned inner 
: Pressure drop in annuli containing fin tubes. Systems were provided for circulat 
The empirical relationship between the tubes has been studied (9, 70, 15, 17) ing hot water through the inner tube and 
friction factor and the Revnolds number The bulk of the data indicates that with « Id water through the annulus 4 
om “wa longitudinal fin tubes in annuli, the fric- The outer pipe of the annulus consisted 
is generally given in the form of Equa “ of two 52-in. lengths of cast Plexiglas 


tion (3) tion factor agrees approximately with tubing joined at the middle. The IL.D. of 

that for plain tubes in annuli when using this tubing was 2.240+0.005 in. The 

f k’( Re\* (3) an equivalent diameter equal to four diameter at any cross section did not vary 

times the hydraulic radius. The length y more — 0.001 in. The plastic = in 
tant ranges om was mounted between an entrance and exif 
Values of th inge from term which is used to define the equiva 

- 0.056 to 0.133 with 0.076 being the usual . section which held the inner tube. The en 
Ye ; os ual lent diameter of an annulus with trans- trance section shown in Figure 2 is made 
+: value. The value of the exponent ® is verse fin tubes has been arbitrarily de- of two 4-in. cast-iron blind flanges bolted 
generally O25. Davis (6) has studied fined as Dy DP. D, where Dz is to each other with a 2.75-in. section of 6-in 


all data for pressure drop during tur » OD. of the pipe between them. The plastic tubing is 


LD. of outer tube and / r 

. omnected to the flange, A, by means of the 
an vastic flange, H, which is cemented to the 
Heat transfer in annuli containing lastic tubing, and the steel ring, L, which 


> 
t Present akiress Oregon State ¢ exe 


Corvallis 
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is bolted over flange, H, to flange, A 
Flange, A, is rounded at the entrance into 
the annulus. The fluid enters the section by 
means of four pipes, E, which are screwed 
into flange, A’. Two 70-mesh screens are 
placed beyond the pipes, E, to act as a short 
calming section 

The mner tube of the annulus is soldered 
to the brass bushing, B, which is held in 
flange, A’, by a packing and a packing 
gland. The inner end of the brass bushing, 
B, was tapered at an angle of 30° so as to 
conform somewhat to the stream lines of 
the entering fluid. This entcance section 
was designed to minimize disturbances to 
the fluid as it entered the annulus. The exit 
section of the annulus was similar to the 
entrance section except that the fluid left by 
way of one pipe screwed into the 6-in. pipe 
section 

Figures 3a. and 3b. show flow sheets of 
the hot- and cold-stream systems. The hot 
system was heated by means of live steam 
injected directly into the circulating stream 
The cold stream was supplied with water 
from a constant level storage tank so that 
steady flow could be attained 

The plain tube and six transverse helical 
fin tubes were tested during the course of 
the investigation. All tubes were made of 
copper. Dimensions of the tubes were de 
termined by a cathetometer accurate to 
0.001 in. Tables 1 and 2 give the dimen 
sions of the various tubes and annuli 

The pressure drop in the annulus was 
measured by means of three pressure taps; 
tap No. 1 was located 2 in. from the en- 
trance to the annulus ; tap No. 2 was located 
48 in. from tap No. 1 and tap No. 3 was 
located 49 in. from tap No The pres- 
sure tap was a 1/16-in. hole drilled in the 
wall of the plastic tubing. A copper tubing 
connection was cemented over this hole and 
copper tubing lead from the pressure tap to 
the manometers 

Cold-stream temperatures were measured 
by means of thermometers graduated m 
1/10° F. divisions and hot-stream tempera- 
tures were measured by thermometers 
graduated in 1/10° C. divisions. All flow 
rates were measured with calibrated orifices 
All pressure drops greater than | in. of 
fluid were read on vertical double liquid 
manometers. The sensitivity of these man- 
ometers varied depending on the heavy fluid 
which was used in them. Low pressure 
drops of less than 1 in. of fluid were deter- 
mined on a micromanometer accurate t 
+0,002 in. The micromanometer was built 
from plans given by Rothfus (23) 


E rpermmental Data 


The quantitative experimental data con 
sist of heat-transfer and pressure-drop data 
in annuli containing the various tubes 
described in Table 1. A summary of the 
conditions for measurement of isothermal 
pressure drop is shown in Table 3. Pres 
sure drops were also measured when heat 
transfer was taking place in the annulus 
and it was thus possible to compare isother 
mal and nonisothermal friction tactors 
Isothermal pressure drops were determined 
over the whole length of the annulus and 
also over the last half of the annulus. Thus, 
it was possible to determine whether there 
was any entrance effect due to the liquid 
entering the annulus 

The purpose of the heat-transfer experi 
ments was to determine the heat-transfer 
coefiicients on the outside surface of the 
inner tube in the annulus. Since only over 
all coefficients were measured, it was neces 
sary to determine the heat-transfer coeffi 
cients inside the tube. This was done by 
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Fig. 1. Experimental Equipment. 


making a series of heat-transier tests mm 
which the cold annular fluid has a constant 
flow rate and the velocity of the hot inner 
fluid was varied. Data from such a test 
could be used to draw a Wilson plot (26) 
and thus one could calculate the imside co 
efficients and determine an equation tor pre 
dicting them. A summary of the conditions 
at which the heat-transier measurements 
were made is shown in Table 4 
Qualitative data, obtained during the in- 
vestigation, included photographs of the 
flow patterns which occurred in the fin 
spaces during streamline and turbulent flow 
By injection of methylene blue dye into the 
flowing stream in the annulus 12 in. from 
upstream end, it was possible to observe the 
turbulence in the fin spaces. A series of 


| 


photographs of the flow patterns in the fn 
spaces was taken such as those shown in 
Figure 4 for tube number 2. From these 
patterns it was possible to make some de- 
ductions regarding the mechanism of heat 
transfer from fin tubes 

Velocity profiles were determined for the 
annvli and are reported in detail in the 
thesis (14) 


Discussion of Data 
Flow Patterns Between the Fins 
Flow patterns between the fins were 
studied on fin tubes Nos. 2 to 6 over a 
range of Reynolds number from 500 to 
20,000. This includes both the stream- 
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TABLE 1.—-DIMENSION OF TUBES 


Diameter Root Fin Fin Fin 
of Fins Diameter Thickness Spacing Height Finned 
t s Length 
ft 


Tube 
Fin Tube 
Tube 


Roughness 
of Inner 
Equivalent Tube 
w 


Inner Tube 


No 
No 


SUMMARY OF ISOTHERMAL PRESSURE DROP DATA 


Range of Water Temp 
n 


Reynolds No Rang: Annulus 


Area 


Schematic Flow Sheet of Hot Stream System. Fig. 3b. Schematic Flow Sheet of Cold Stream System. 


of Area of Total Inside 


Primary Extended Outside Diameter 


Surtac 
aq ft 
475 
065 


207 
387 
301 


TABLE 2.—-DIMENSIONS OF ANNULI 


Volume of 


00560 
00506 


Sarface Area 
aq ft aq.ft 
9 475 
2913 3.978 
+280 664 
6541 748 
5.639 026 

| 

12.48 


kAm 
Volume of x 10° 
Free Flow 
Ver Chr.) (aq ft 
cu.ft CF) 


line and turbulent regions of flow. Fig- 
ure 5 shows diagrammatically the flow 
patterns for all tubes at various flow 
rates as indicated by photographs simi 
lar to Figure 4. 

In the viscous region of flow the blue 
dye is in the form of a thin filament and 
does not go into the spaces between the 
fins. This indicates that the fluid be- 
tween the fins is substantially motionless 
during streamline flow. As the flow rate 
increases the dye loses its filament-like 
character, indicating that there is tur 
bulent flow in the annular space. The 
dye is also drawn into the fin spaces and 
forms a circular pattern as shown in 
Figure 4b. These eddies or vortices 
rotate in a direction so that the part 
which is in contact with the main stream 
goes the same direction as the main 
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j 4 
woe 
- » 
4 
Pig, 
Fins Ae 
Tube in in As 
623 623 0 00 90 0.495 1.268 
Pia Tube No 1 11.45 758 “25 0673 90 0.509 3.32 
Fin Tube No. 2 3.08 1.060 029 222 193 90 $83 
Fin Tube No. 8.12 1.031 648 026 098 191 9.0 0.510 6.45 
No. 4 419 1241 455 214 293 G0 1 osu 5.80 
; No. 5 1.295 nao 0255 146 128 9.0 1 0544 7.95 
No, 6 8.2 1.519 639 0216 1019 90 12 0.532 1128 
} 
Space 
Het ween 
Fins 
| ft De De 
lain 01847 o 0253 028 
Fin Tube 1 0.1283 0506 0455 0250 115 071 
Fin Tube 2 1624 184 0246 228 ORR 
Fin Tube No. 0.1007 1582 185 208 149 
i Fin Tube No. 4 0.0832 2142 204 236 0244 319 137 
Fin Tube Ne .OTRT 1548 342 250 0241 338 144 
Fin Tube No. ¢ 0.0747 1107 3605 269 239 346 225 
Fin «pacing 
Fin height 
laner Tube No of Teats 
Piain Tube 11,000.63,000 46-85 29 
840 8800 4649 22 
12.000-83,000 59.87 26 
800-11,000 46.56 
Fin Tube No h40-7 704 ‘4 
65.000 63.000 4667 30 
bie Fin Tube No 21,000 45-48 48 
6500-4) 45 46 15 
0-60.000 43-60 23 
Fin Tube No. 4200-42,000 
10,000 42,000 4648 23 
620 ‘ ‘ 46-88 ‘ 
470-49 46-46 
a Fin Tube No. 4 100-4 48.49 a4 
‘ 45-52 27 
eee Fin Tube No ? 420 50-51 16 
Fin Tube No. ¢ 9,000 2-4 16 
100-12 19 
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stream. When these circular eddies first 
form they are intermittent and only be- 
come steady as higher flow rates are en- 
countered. 

An inspection of Figures 4 and 5 re- 
that for turbulent flow in the 
annulus, there are a number of different 
tlow patterns attainable between the fins 
and the type of flow pattern appears to 
be dependent on the fin height to fin- 
spacing ratio, (W”/S). For fin tube No. 
2, W’/S = 0.87 and the flow pattern is 
one circular eddy between the fins. 

Results indicate that the fin height to 
fin-spacing ratio can be used to predict 
the flow patterns which occur between 
fins during turbulent flow in the annulus. 
For W'/S = 0.76 to 1.35, one eddy oc- 
This eddy is usually circular but 
becomes elongated at W’/S = 1.35. For 
W'/S = 1.95 to 2.2 two circular eddies 
form between the fins. They rotate in 
opposite directions. For W’'/S = 3.35, 
one circular eddy forms at the outer edge 
of the fin space but in the rectangular 
space between the outer eddy and the 
tube wall there are no steady circular 
eddies formed. 

These results on the study of flow 
patterns are in substantial agreement 
with preliminary studies made on two- 
dimensional models (14). 


veals 


curs. 


Pressure Drop in Annuli 


All the pressure-drop data that were 
taken during the runs shown in Table 3 
are used in Equation (2) to calculate the 
friction factor. A primary analysis of 
the pressure-drop data involved a com- 
parison of the pressure drop over the 
whole length of the annulus compared 
with the pressure drop over the last half 
of the annulus. This comparison for 
turbulent shown in Figure 6 
where the ratio of the friction factor for 


flow is 


the entire section (f, 3) to the factor 
for the last half (f2_s) is plotted vs. the 
Reynolds number. 

Figure 6 shows that for the plain tube 
and fin tube No. 1 fg_3 and f,_ are 
substantially equal, indicating that there 
are no entrance effects due to the fluid 
entering the annulus. If there were end 
effects present, f,;_, would be different 
from f,_ and it might be expected that 
the extra disturbance due to the fluid 
entering the annulus would cause a 
greater pressure drop, thus making f, 5 
greater than fy 5. However, in the case 
of fin tubes Nos. 2 to 6 (inclusive) f,;_ 5 
is less than fy by as much as 5% for 
some tubes. This could be explained on 
the basis of the flow of the fluid between 
the fins. The eddies occurring between 
the fins will cause a large proportion of 
the pressure drop in the annulus and 
there may be a certain length of time 
required to establish the flow patterns 
between the fins. Thus, the pressure 
drop over the first foot of annulus would 
not be as great as over the second or 
third foot of annulus. The value of 
would then be less than be- 
cause tap No. 1 was located 2 in. from 
the annulus entrance. 

Figure 7 is a plot of all isothermal 
pressure drop data 3) for stream- 
line and turbulent flow. Considering the 
streamline flow data first, Figure 7 
shows that all data for all the tubes can 
be represented by a straight line ex- 
pressed by the following equation: 

f = 246(Re)— (8) 
The constant &’ which can be calculated 
theoretically from Equation (5) is listed 
in Table A for each tube. The agreement 
with the curve drawn through all the 
experimental data using a constant of 
24.6 is good. 


Fig. 5. Sketches of Flow Patterns Between Fins. 
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Fig. 4. Flow Patterns for Fin Tube 


No. 2. From top to bottom: a. 
0.09 ft./sec. Re 632. b. 
ft./sec. Re 1480. c. 
Re $070. d. ¥ 
10,400. 


0.211 
0.724 ft./sec. 
1.24 ft./sec. Re 


TABLE A 
Calculated 


Inner Tube Value of &’ 


Plain Tube 

Fin Tube No 
Fin Tube No 
Fin Tube No 
Fin Tube No 
Fin Tube No 
Fin Tube No 


23.3 
23.4 
240 
242 
242 
23.0 
238 
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Fig. 6. Comparison of / 


It is concluded that for annuli contain In the region of turbulent flow, how 
the fin tubes 
have a much higher friction factor than 
annuli containing plain tubes. There is 


an individual friction factor curve for 


ing transverse fin tubes the pressure drop — ever, annuli containing 


during streamline flow is the same as 


when a plain tube of the same diameter 


as the fins is the inner tube 


TABLE 4 SUMMARY OF ANNULAR HEAT TRANSFER 


HOT STREAM 


OOLD STREAM 


5, 000-—165,000 


,000 


136,000 


Ne 


Tube 
7 000. 
000 


156,000 


121 


each tube. For the plain tube, the fric- 
tion factor for 10,000 < Re < 100,000 is 
given by the equation : 


f = 0.073( Re) (9) 
This is in good agreement with the re 
sults of other workers 

The set of curves shown in Figure 7 
are similar te the friction factor curves 
obtained by Nikuradse (27) for circu- 
lar pipes of varying roughness. Niku- 
radse found that in the streamline re 
gion, the friction factor was independent 
of the roughness while in the turbulent 
region there was an individual curve for 
The 


roughness of each fin tube, which was 


each roughness which he studied 


tested in the present investigation, is 
given in Table 2. The roughness is ex- 
pressed as the ratio of the fin height to 
the fin diameter, (1//D,). Fin tubes 
Nos. 2 and 3 have the same roughness 


but have different friction factor 
curves 
It thus appears that the fin spacing 


has an influence on the friction factor 
and in order to take this variable into 
account, the quantity )’,/l pp was deter- 
mined for each tube. The term lV’, is the 
volume of fin space per foot of annulus 
and Ip» is the volume of annular space 
per toot of annulus. Physically, V;/V pp 
the fraction of the total an- 
nular fluid which is between the fins 
Since a portion of the 
pressure drop in annuli containing fin 
tubes is caused by the fins, the term 
should express this pressure 


expresses 


considerable 


DATA 


Reynolds Log Mean 
Reynolds No Temperature No Temperature Temperature No. of 
Run Ne Range Range * F Range Range * F Dh Tests 


159,000-162,000 79 27-132 

2 13,400 66,000—154,000 161-172 113-123 
Ha 0.000 53.000-—147,000 137-147 90—9n 6 
ua 123,000—168,000 138-168 79-112 


i §2,000-128,000 2 39-76 19 
40 70,000-—146,000 136--158 85-105 5 
ima 445.000 47 107-132 59-81 

+6, 110,000-—120,000 110-120 35—51 


159 


48.000 as 69 000-142,000 89-139 10-41 31 
52,000—117,00¢ 58-81 9 
! 55,000-187,000 20-146 62-85 a 

roma 1 66-7 56,000-68.000 ‘ 3-2 ‘4 

rea He 4-87 70,000—142.000 91-185 25-54 26 
rene 4 108141 50~T79 
59 117-148 7-84 9 
rene 800-2 72-77 65,004 85-108 
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} 
‘ 
45 
q 
4 
ad Fin Tube N 
rons 61,000--135,000 121-257 72-104 
‘ 60,000—128 000 123--150 72-104 a 
+4 an 60 000-104,000 114-146 66-95 
1000-468,00 90-120 14-65 17 
Fis 
— 990-148 25-74 31 
Fin Tube No 4 
7 000 75.000—147.000 15-48 33 
2? 3,000—148,.000 1980-1465 74-106 
Pin Tule N 
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drop. It is seen from Figure 7 that the 
position of the friction-factor curve for 
each tube is consistent with the value of 
V,/Vypp for each tube even though a 
cross plot does not give a single smooth 
curve. 

Isothermal and nonisothermal fric- 
tion factors for turbulent flow are com- 
pared in Figure 8. Only for fin tube No 
1 and the plain tube are the nonisother- 
mal friction factors less than the iso- 
thermal friction factors. Perry (22) 
reports that for circular pipes the non- 
isothermal friction factor is 2 to 5% 
lower than the isothermal friction fac- 
tor. This is true also in the present case 
for the annulus containing the plain 
tube 


Heat-Transfer Coe fh wnts Inside 
Tubes. All runs shown in Table 4 for 
which the cold stream Reynolds number 
is constant gave Wilson plot data as 
illustrated in Figure 9. It is assumed in 
drawing the Wilson plot that the inside 
heat-transfer coefficient can be expressed 
by the following equation : 


hD, 
k » | k 
(10) 
Thus for a constant annular flow rate 
and temperature and moderate temper- 


ature variation of the inside fluid the 
following equation applies : 


where 


4 temperature correction 


1+ a(t, 


rate of change of 


Cp ) 3 
k 


with temperature 
some base temperature 


temperature being considered 


Equations for the heat-transter coeffi- 
inside the tubes obtained 
in the form of Equation (10) and the 
values of the given 
below 


crents were 


constant (c)} are 


Inner Tube Value of « 


0.0241 
0.0252 
0.0264 
0.0250 


Plain 
Fin Tube No 
Fin Tube No 
Fin Tube 

Fin Tube 

Fin Tube 


Fin Tube 


O0L 70) 
0.0420 
9.0335 
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Fig. 7. Experimental Friction Factors in Annuli. 


For the plain tube good agreement is 
obtained with the usual Dittus-Boelter 
equation where ¢ = 0.023. The higher 
values of ¢ for the fin tubes probably 
is caused by the grooves present on the 
inner surface of these tubes. These 
grooves are caused during the manu 
facture of the fin tubes and act as tur- 
bulence promoters to increase the heat- 
transfer coefficients inside the high fin 
tubes. 


Heat-Transfer Coefficients in Annuli 
The experimental heat-transfer data for 
the plain tube are plotted in Figure 10 


as (Nu/Pr®-*) (p/p) vs. Re and 
Figure 11 as Nu/Pr®*, vs. Re. The line 
representing the Davis (6) equation 
(Equation (6)) for this annulus is 
shown in Figure 10 and the line repre- 
senting the Wiegand (24) equation 
(Eq. (7)) is shown in Figure 11. The 
experimental data show fair agreement 
with these two equations which repre- 
sent the bulk of the published experi 
mental data. Data shown in Figures 10 
and 11 represent two differé¢nt runs 
made on different days 

The heat-transier coefficients on the 
transverse fin tubes were calculated 


= 


= 


44 — 


+ ot 
+4 


== 


Fin TUBE 


t+ 


Fig. 8. Comparison of Friction Factor With Heat Transfer to Factor for 
Isothermal Flow. 
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Fig. 9. Wilson Plot. 


rom over-all heat-transter coefhcients TABLE B 


y the tollowing equation 


Fin Tube No. 1 Nu 

Fin Tube No. 2 Nu 

(12) Fin Tube No. 3 Nu 

he last term of Equation (12 Fin Tube No. 4 Nu 
/heAgrs « the reciprocal of the Fin Tube No. 5 Nu 
ppparent heat-transter coethcrent. Once Fin Tube N 6 Nu 


Inner Tube Equation « 


this term was found, it was necessary 
to know the fin efficiency to determine 
the true heat-transfer coefficient, Ag 
The fin efficiency, 4, is a function of 
hp and also the dimensions of the fins 
Gardner (8) has published curves by 
which the fin efficiency is obtained. The 
fin efficiency is used to calculate the 
effective area, 


Ager A, + oA, (13) 


The calculation of Ag from the term 
A,/hgAgpy is a trial-and-error calcu- 
lation. 

Heat-transfer coefficients on the fin 
tubes are plotted in Figures 12-14 
where Nu/Pr®* is plotted vs. Re. The 
diameter term used in both Nw and Re 
is Dg Ds D,. Data for each tube 
are represented by a straight line im the 
region of Ke > 6000. The equation of 
this line for each tube is given im 
Table B 

If the heat-transfer coefficient on fin 
tubes in annali is a function of the 


various dimensions which describe the 


f Lines, (Figs. 12, 13, 14) 


0.031( (Pr)** 
0.030( Re)°™ (Pr)** 
0.026( Re)®™ (Pr)** 
0.026(Re)*" (Pr)** 
O0.01I8( Re)’ (Pr)** 


Re)? 


DAVIS EQUATION r 
SHI 


2000 10,000 100,00 
Re 


Plain Tube Heat-Transfer Data. 
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Fig. 11. Plain Tube Heat-Transfer Data. 
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annuli, dimensional analysis gives the 
following relationship between the var- 
iables 


The individual equations for each tube 
show that the heat-transfer data may 
be expressed in the form Nu = C(Re)* 
(Pr)°. In the present investigation the 
quantities D,, Dz and t were substan- 
tially constant and although the quanti- 
ties D,/Dy, t/Dy vary 
somewhat with tube they are 
assumed constant the exponents 
of S/D, and W/Dg are determined 
The exponent of S/Dg is determined 
trom the data of Nos. 1 and 2, since 
all quantities on the right-hand side of 
Equation (14) are constant 
The value of Nu/Pr°* at con- 
stant Re for both 
and the exponent of S/D, is determined 


and 
each 
and 


except 


is determined tubes 


from the following equation 


Nu/PP* = (15) 
From the experimental data at Re = 
10,000 the value of found to be 
0.4. Having determined this exponent 
values of Nu/Pr®4(S/D,)®* are deter- 
Re = 10,000 and are plotted 
D», for each tube. The resulting 


g was 


mined at 
vs. It 
plot gave the exponent of i 
—0.19. All heat-transfer 
plotted as in Figure 15 as Nu/Pr4 
(S/Dg®*(W/Dg) vs. Re. The 
line drawn in Figure 15 has the follow- 
ing equation for Re > 6,000 


Dg as 
data are then 


Nu 0.039 Re? 


(16) 

The empirical correlation of the data 
by Equation (16) takes into account the 
effect of the fin height and fin spacing 
The equation agrees well with the ex- 
perimental data of tubes Nos. 1, 2 and 4 
and it is significant to that all 
have similar flow patterns 
their fins Although good 
agreement is obtained for fin tube No. 3, 
poor tubes 
Nos 

The applicability of Equation (16) 
may be limited to a fin height to fin- 
spacing ratio of approximately unity 
Other ratios or variations in dimensions 
other tur- 
The heat-transfer coefficients 
may be expected to vary from Equation 
(16) much as the coefficients for tubes 
5 and 6 vary 


note 
these tubes 
between 
agreement 1s obtained 
5 and 6 


ior 


may cause mechanisms of 


bulence 


The high coefficients for tube No. 6 
can be explained as a result of the tur- 
bulence caused by the unstable flow of 
the fluid at the base of the fins. This 
unstability caused high coeffi- 
cients for fin tube No. 6 was replaced by 
a “locked” eddy type of flow fin 


which 
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tube No. 5, which could be responsible 
for low heat-transfer coefficients 


(14) 


Comparison of Performance of 
Tubes Tested 
Experimental data are now available 
to compare the performance of the one 
plain and six fin tubes which were in- 
vestigated. The heat-transfer surface 


exposed by a fin tube is not all effective, 
but the efficiency of the surface varies 
with the heat-transfer coefficient and 
may be as low as 20 to 30% for high 
rates of transfer for high fins. The 
power required to overcome friction on 
the fin tube is much than on 
the plain tube and the increased armnount 
of heat transfer obtained with fin tubes 
may may cost less per 
unit than with plain tubes. 

The performance of the tubes is con- 
sidered from two aspects. One is the 
power performance which is the power 


greater 


cost more or 


| 
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Heat-Transfer Data for Modified Annuli. 


equired for the transfer of a unit of 
cat. The other is the volume perfor 


ance which is the amount of heat 
ansferred per unit of volume occupied 
Both 


and should he considered 


y the exchanger these aspects 
re important 
gether and an economic balance 
orked between them 

The power performance, volume pet 
coeth 


coeth 


mance. tin sule heat-transter 


ent and over-all heat-transter 


ent are calculated and shown in Fig 


g./ml, & 0.093) B.twu./ Cher 
(°F.)/(it.), Pr = 21.) 
Figure 16 shows the power perfor 
mance of all the tubes with water and 
with oil in the annulus. Fin tubes Nos 
1 and 3 both have a better performance 
than the 
flow rates 
2 is better only at the low 
the Reynolds number. These 
dicate that as tar as power performance 


)(sq.tt 


plain tube in the range of 


tube No 
values ot 


considered. Fin 
results in 
there 


is concerned is a certain optimum 


that volume performance is approxi- 
mately proportional to the outside sur- 
face of the tubes. All fin tubes are 
superior to the plain tube 

Figure 18 is a plot of the heat-trans- 
fer coefficients, Ay, as a function of the 
Reynolds number. In the range of ve- 
locities shown, the coefficient on the 
plain tube is the lowest. The reason for 
the higher coefficients on the fin tubes 
is probably the increased turbulence 
which the fins cause. 

Figure 19 (a) and (b) are plots of 
the over-all heat-transfer coefficients 
The broken lines represent U, as a func- 
tion of velocity and the solid lines repre- 
sent U,. Actually, U, is the quantity 
which should be used to compare the 
heat-transfer capacity of the tubes in- 
vestigated since L’, is based on the actual 
nside surface of the tube. All tubes 
have nearly the same inside surface 
area. Figure 19 indicates that all fin 
tubes have greater values of U, than 
the plain tube, showing that their heat- 
transfer capacity is greater. 
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Notation 


constant 

effective outside area of fin 
tubes, sq.ft 

area of finned surface of fin 


tube, sq.ft. 
inside area of tubes sq.tt. 
the tube wall 


es 16-19 The hot stream is always 
ater at 150° I 


value of |',/l pp for which the power 
flowing at 10 ft. /sec. 
side the tube The cold stream in the 
is water at OO° F. or 
Dat 10°F. (p 3.2 cp. p = 0.84 


performance will be a maximum mean area of 


sq. Tt. 
total outside 
sq. it 
area of the primary 
of the fin tube, sq.ft 
constant 
constants 
heat 


Plots shown in Figure 17 of the vol 
total 
reveal 


either ume performance, based on the 


area of tulx 


volume of the heat exchanger 


sur tace 


specihe B.t.u./(lb.) 


constant 


rate of change of pressure 


with length, lb. /cu-ft 
outside diameter of fins, ft 


inside diameter of outer tube 
ot annulus, ft 
inside 


diameter of inner tube 
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Fig. 18. Fin Tube Heat-Transfer Data. 


of annulus, ft 
equivalent diameter of annu 
lus, D, D, it 
root diameter of fin tube, ft 
constant 


Fanning friction factor 
trictior 
of annulus 
tactor 
length of annulus 


factor over last halt 


triction over whole 
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Fig. 16a. Power Performance of Tubes With Water in Annulus at 60° F. 


POWER PERFORMANCE HP x 10° 


Fig. 16b. Power Performance of Tubes 


With Oil in Annulus at 100° F. 


(sq.ft) (° F.) based on 
actual outside area of inner 
tube of annulus 
hy» = film heat-transfer coefficient 
in annulus, B.t.u./(hr 
(sq.ft.) (° F.) based on e 
fective outside area of i 
ner tube of annulus 
h, = film heat-transfer coefficier 
inside inner tube B.t.u. 
(hr.) Chr.) (° F.) based « 
inside area of inner tube 
= constant 
= thermal conductivity, B.t 


= isothermal friction factor 9. = dimensional constant, lb. mass (hr.) (sq. ft.) (° F.) /ft. 
fy = friction factor obtained when (ft.)/(lb. force) (sec.) k’ = constant 
fluid in annulus is being (sec.) 1 = wall thickness of inner tu 
heated h = film heat-transfer coefficient ft. 
g = constant in annulus, B.t.u./(hr.) m = constant 
an 4 1] = 4 + 
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Fig. 17. Volume Performance of Tubes Tested. 
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Fig. 18. Annular Heat-Transfer Coefficients for 
Tubes Tested. 
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constant 
constant 
hydraule radius of annulus 
it 
distance 
fins, tt 
thickness of fins, ft 
temperature, F, 
arbitrary base 
ture, ° F 
heat-transfer coeth- 
B.t.u ft.) 
) based on inside area 


between adjacent 


any tempera 
over-all 

cient, (hr 
ot mner 
heat-transfer coefh 
crent, ) (sq. ft.) 
hased on 
of tube 


n annulus hased 


(sq 


tube 


over-all 
outside 
fluid velocity 


on minimum cross 
tt. / sec 


chon 

volume of fin space, cu.ft. /ft 

volume on annular space, cu 
tt. /it 


lineal velocity of fluid inside 
inner tube, ft. /sec 
iv hewht of fins, ft 


*REEK LETTERS 


a rate of change of 


k 
with temperature 
fluid viscosity, Ib. /( ft.) (sec. ) 
Hy = fluid viscosity at temperature 
of wall of inner tube, Ib 
(see. ) 
p fluid density, Ib 
é = fin efficiency 
temperature 
Wilson plot 


cu.tt 


correction tor 


DIMENSIONLESS GROUPS 


Re Reynolds number 

p/m 
Nu Nusselt number hpDp/k 
Pr Prandt! number = Cy/k 
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PRINCIPLES OF SPRAY DRYING 


PART |—FUNDAMENTALS OF SPRAY-DRYER OPERATION 


W. R. MARSHALL, JR. 


University of Wisconsin 


Madison, Wisconsin 


PRAY drying is an operation which 

has been successfully practiced in 
special applications since the last quarter 
of the 19th century. Despite this fact, 
only in the last 15 years has it begun 
to find extensive application in the chem- 
ical industries. And even today it has 
not received the fundamental investiga- 
tion through research that other chem- 
ical engineering operations have re- 
ceived 

Several hundred patents on spray dry- 
ing, issued over the period from 1883 to 
the present, attest to the constant inter- 
est in this subject. Also revealed by 
these patents are many faulty designs, 
some of which when reduced to practice 
failed to operate and gave spray drying 
an unwarranted bad reputation 
qi he purpose of this paper is to present 
a picture of spray drying as it is prac- 
ticed today, to discuss the principles of 
spray-dryer operation, and to outline the 
elements of spray-dryer design and per- 
formance. 

Spray drying is used to dry pharma 
ceuticals, fine chemicals, foods, many 
kinds of trade wastes, organic and inor- 
ganic chemicals, rubber latex, and clay 
slips. In the soap and detergent indus- 
tries it has become a major operation, 
and has been developed into a highly 
specialized art. 

Unlike most other drying operations, 
spray drying requires the designer to 
consider several equally important oper- 
ations in addition to drying. These oper- 
ations usually include mixing and agita- 
tion to prepare suitably a liquid feed for 
atomization, de-aeration of the feed after 
preparation, pumping ot sludges, slur- 
ries, and clear liquids of all ranges of 
viscosity, atomization of simple and 
complex liquids, the conveying of solids, 
either pneumatically or mechanically, 
dust collection by either mechanical or 
electrical methods, or both, and in some 
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cases, scrubbing of exhaust gases either 
to remove fumes or to recover valuable 
vapors. 


Advantages of Spray Drying. The prin- 
cipal advantages are summarized as 


1. Certain product properties and quality 
values may be effectively controlled 
and varied by spray drying. 

a. Product density can be varied 
within a given range 
A particle shape approximating a 
sphere, sometimes hollow, some 
times solid, is usually obtained in 
spray drying. Generally speaking, 
such a particle shape is unobtain- 
able by other drying methods. 
Typical examples of spherical par- 
ticles of spray-dried commercial 
products are shown in Figure 6 
The particle size of the product 
may frequently be controlled or 
varied in a given range by control 
of the operating conditions. 
Spray drying frequently preserves 
the quality of a product because 
drying is so rapid and the material 
in the hot drying zone is always 
so wet that it does not become 
overheated and degraded. Further 
more, the dry product does not be 
come overheated if the gases cool 
sufficiently from the evaporation 
process. 
Spray drying is particularly suited to 
the atmospheric drying of certain 
heat-sensitive materials, such as foods, 
and pharmaceuticals, which otherwise 
would require high vacuum, low-tem 
perature drying. However, spray dry 
ing is not always the answer to drying 
beat-sensitive materials, especially 
those which must be dried in the ab- 
sence of oxygen and/or carbon diox- 
ide.* In certain applications spray 


* It is true, however, that many materials 
subject to oxidation when dried by other 
methods may be spray dried; e.¢., Bullock 
and Lightbown (2) showed that ferrous 
salts were not oxidized when spray dried at 
a temperature of 500° F. Coulter (4) has 
shown that dry whole milk, extremely sen- 
sitive to oxidation in storage, is no more 
oxidized when spray dried in air than when 
spray dried in a nitrogen atmosphere. 
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drying has been performed in imert 
atmospheres in a closed system 
Spray drying as it is practiced toda 
may frequently show marked adva 
tages for high tonnage productic 
since as the output increases, the dry 
ing cost per pound of product become 
less than that for other types of dry 
ers. This is generally true when th 
moisture content of the feed to th 
spray dryer is not much greater tha 
that of the feed to other types of dry 
ers 

A material dried in a spray dryer de 
not contact solid surfaces until it ha 
become dry. This frequently simplife 
corrosion problems and the selectic 
of materials of construction 

Spray drying may frequently simplif 
or eliminate other operations, such a 
filtration of the feed, and size reduc 
tion of the dry product 

Since a spray dryer usually operate 
at temperatures ranging from 400° F 
to 1000° F., its efficiency is comparabl 
with that of other types of 
dryers; eg., rotary dryers, and tun 
nel dryers 


Disadvantages of Spray Drying. Som 
disadvantages are inherent in the oper- 
ation, and others are due to a lack of 
fundamental knowledge of the operation, 
The principal ones as spray drying is 
practiced today are: 


1. Low bulk densities are frequently ob- 
tained when a high density product is 
required. This is often the case for in 
organic materials which are shipped in 
carload lots. Although the bulk den 
sity of a product from a spray dryer 
is subject to variation, it sometimes 
cannot attain the same value as that 
obtained from other types of dryers 
without resorting to further processing 
such as briquetting 
In general, spray dryers are relatively 
inflexible. Thus, a spray dryer de- 
signed for fine atomization is generally 
incapable of producing a coarse prod- 
uct, if such is required 
For a given capacity, larger evapora- 
tive loads are generally required for 
spray drying a given material than 
would be required with other types of 
dryers. This is due to the requirement 
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used to atomize liquids in 
atomization by 
atomizing fluid, and (3) high-speed ro- 


tating disks, which atomize by bringing 


a liquid up to a high velocity by cen- 


mechanism 
In a pioneering study 
lapse of a liquid jet, at low velocities 


metrical to the axis of the 


the assumption of streamlime flow in the 


ance will cause the break-up of a jet or 
ligament when the amplitude of the dis 
half the diameter 
of the undisturbed jet or column of the 
liquid. Other theories of the 
of atomization have been postulated (3 


indi turbulence 
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Pressure Atomization. Studies (8, 11 
16) of the disintegration of jets trom 
pressure nozzles have led to the follow- 
conclusions which summarize the 
present theories on the mechanism of 
atomization by this method 


If the liquid jet is turbulent through 
out, it will disperse without the appli 
cation of any external force ; e.g., dis 
integration will occur in a vacuum 
This is because in a liquid stream in 
turbulent flow the liquid particles have 
definite radial velocity components so 
that when the jet is no longer confined 
by the orifice walls the particles are 
restrained only by the surface tensiot 
force of the liquid. Disintegration of 
the jet occurs as the surtace tension ts 
overcome Thus, it may be concluded 
that at high pressures, surface tensior 
is a controlling tactor m atomizatior 
This conclusion was reached from ex- 
periments by Kuehn (/]) 

lf the jet is in semiturbulent flow, iLe.. 
with a laminar layer surrounding a 
turbulent core, then disintegration of 
the jet will occur after leaving the 
nozzle when the turbulent core torges 
ahead of the laminar layer 

If the jet is in laminar flow, air fric 
tion or some other external disturb 
ance ts essential to tts disintegratior 
This leads to the conclusion that at 
low nozzle pressures viscosity will be 
a controlling factor. It also suggests 
the possibility that a jet m laminar 
flow will not atomize in a vacuum 
Regardless of the type of flow, disin 
tegration or atomization ts believed t 
he favored by air friction (16) 

The higher the viscosity of the liquid, 
the longer the break-up distance of the 
jet 
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6. As the pressure increases, the break- 
up distance decreases 

7. The break-up of a jet is influenced by 
roughness of the orifice and other fac- 
tors affecting the general turbulence 
conditions of the liquid as well as the 
smoothness of the liquid surface 


In spite of the extensive studies of 
atomization by pressure nozzles, pub- 
lished data on drop-size distribution from 
such nozzles are meager. These data 
are essential for the development of 
any rational analysis of the role of 
atomization in spray drying and related 
operations. 

Of the above conclusions, probably the 
only ones of real concern in spray drying 
are those dealing with turbulent jets. It 
would be unlikely to encounter jets in 
viscous flow in spray drying. Further, 
no correlation is presented between these 
conclusions and the operation of com- 
mercial nozzles. However, it is not un- 
reasonable to believe that these conclu- 
sions can be applied to various designs 
of pressure nozzles 


Two-Fluid Atomization. The atomiza- 
tion of liquids by high velocity gas 
streams has been studied by Castleman 
(3), Littaye (78), Sauter (24), Schue 
bel (25), Nukiyama and Tanasawa 
(20), Lewis et al (17), and others. In 
postulating a mechanism for this method 
of atomization, Castleman assumed that 
(1) it is a necessary step first to form 
ligaments from the large mass of liquid, 
and (2) the rate of collapse of these 
ligaments Rayleigh’s theory 
for the collapse of a liquid column 
Spark photographs by Lee (16) showed 
that such ligaments actually are torn by 


follows 


air friction from the main body of the 
liquid. Studies by Sauter, Nukiyama 
and Tanasawa, Littaye, and Lewis et al 
showed that as the air velocity is in- 
creased finer atomization is obtained 
resulting from finer ligaments being 
torn from the liquid at higher air ve- 
locities 

Nukiyama and Tanasawa presented 
the following empirical equation for pre- 
dicting a surface average drop size for 


atomization by high velocity § gas 


streams 
5x5 
vVeP 


Equation (1) has been plotted in 
Figure 1 for water at 20° C. It can be 
seen that the effect of the term involving 
viscosity, becomes negligible when the 
ratio of the volumetric rates of liquid 
and gas becomes less than 10~*. This is 
not inconsistent with the conclusions 
regarding the diminishing effect of vis- 
cosity as the pressure increases in pres- 
sure nozzle atomization. These investi- 
gators also suggested that the distribu- 
tion of particle size obtained by atomiza 
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tion with high velocity gas streams 
might be expressed by the relationship: 


dn 
= ™’ (2) 

dx 
where 7 is a function of the nozzle de- 
sign. Equation (2) is general, since 
with four empirical constants it can be 
made to conform to almost any type of 
curve. Nukiyama and Tanasawa found 
that for the nozzles studied p was nearly 
always 2, and that when O0,/Q0, < 10~‘*, 
(cf. Fig. 1), 7 1 for two-fluid nozzles. 
Lewis et al investigated the applica- 
bility of Equation (2) to pressure 
atomization as well as to atomization by 
means of high velocity gas streams, and 
attempted to establish values of the em- 
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Fig. 3. Liquid Flow on a Vaned Disk. 


pirical constants for the conditions 


studied 


Rotating Disk Atomization. The lit- 
erature contains little information on the 
characteristics of rotating-disk atomiz- 
ers, even though this type has found 
widespread application in spray drying 
Bar (1) made a study of two types of 
rotating atomizers. One consisted of 
radial tubes through which liquid was 
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forced to flow by centrifugal force an 

atomize as it was ejected from the en 

of the rotating tubes. He called thi 
type a velocity sprayer. The second typ 

studied was a smooth disk which he 
designated as a centrifugal sprayer 
Wilson, Page, and Cartwright (29) re4 
ported an extensive spray-drying study 
of various types of spray disks in the 
spray drying of clay slip. Hinze and 
Milborn (&b) studied the atomization of 
liquids by rotating cups, and confined 
their investigation to the viscous flow 
region. Hickman (8a) studied the char 


acteristics of liquid flow on a rotating 
disk in connection with molecular dis- 
tillation. 

Operation of rotating-disk atomizers 
consists of centrifugally accelerating a 
liquid to a high velocity before discharg- 
ing it into a gas atmosphere. This 
method differs from the pressure nozzle 
in that the liquid attains its velocity 
without being subjected to high pres- 
sures, frequently with a free liquid sur- 
face exposed to a gas phase during 
passage over the disk. In some designs, 
the liquid is forced through radial tubes. 

Several types of rotating disks may be 
used to atomize liquids. The simplest, 
of course, is a flat, smooth disk near the 
center of which the liquid is deposited. 
If no slippage occurs between the liquid 
and the disk, and if no frictional force 
retards the flow, the time required for 
the liquid to reach the disk periphery 
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where N, the number of radians a 


through before 
reaching the edge of the disk 

time. Equation (3) is an 
difficult to realize 
(Fig. 2) 


and frictional resistance in laminar flow 


particle passes 


where \ rate of rotation 
idealization 
A more ge neral case 


which considers both slippage 


simultan 
differential 


leads to the following set of 


eous, nonlinear, ordinary 


equations 


(4) 
dé \dr 


dt adept dt 


Where @ is the disk rotational speed, and 
@/dt is the liquid rotational speed. This 
ystem can be solved only by approxima 


W hen no 
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mon or machine methods 
lippage occur 
ted, amd with the added assumption of 
the second term of Equation 
4) 
A second method 
a disk having a 

radial 
hppage of the liquid over the disk sur 
effectively 
this 


Te moved 

may be visualized 
number of 
paced vanes to prevent 
we thereby eliminating 


quation (5). In case, the liquid 


may be pictured (Fig. 3), as riding on 
he vanes perpendicular to the plane of 


he «disk. If the 


and it i 


force Of gravity 1s 
that the 


Viscous 


assumed 
retarded by a 
pesistance expressed by the relationship 
Pitial equation 


reglected 
ow ot 


the following differ 
time and 
Facial position of a liquid particle may 


b. written 


relating the 


racial 


distance from the center 


oft the disk 
for particle to move rad 


if point of deposit 


rate ot liquid flow 
per vane 
density 


a tact vending on the depth 


on the vane and as 
used “quation (6) ar 


average * must he taker 


I he 
of the authors in « 
Pigford of the University of 


equations were ce 


veloped by 


I 


with R. I 
Delaware 


TT 


Rereepower 

« of 


Fig. 4. Effect of Feed Rate, Disk Speed, 
and Disk Size on Power Consumption 
of Disk Atomizers. 


B= w* 


a angular velocity of disk 


Equation (6) is of the same form as 


Equation (4) when no slippage occurs 
The inte vral for I quation (6) tor the 
time of passage ot 


liquid in viscous 


1 vaned disk may be written as 


flow on 


é) 


where 


dimensionless time 
( Zar 1) 


= (Zar, 1) 


In order to evaluate Equation (7), the 
value of a, and r,, the point where liquid 
is deposited on the disk, must be speci 
hed 


to prechuce the feasibility of cak ulating 


The range of ar can be so great as 


a set of curves to cover all possible con 


ditions of liquid flow and viscosity 


Equation (7) should be interpreted as 
an approximation to the case of laminar 
flow on a vaned disk and possibly as a 
guide to interpreting experimental stud 
ies. Possibly a me 
to be 


re useful relationship 
derived from Equation (6) is the 
expression for radial velocity at any dis- 
This may be written as 


a\/24 


From the volumetric flow rate per vane 


tance 


the average thickness of the film leaving 


the vane can be estimated bw the rela 


tionship 
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(7b) 


It remains for experimental studies to 
show whether or not the average drop 
size from a vaned disk can be correlated 
with y as estimated from Equation (7b). 

Inasmuch as the value of @ used in 
the expression ior 
is a function of the liquid depth y, a 


frictional resistance 


more rigorous equation to include this 
variation may be written as follows 


{dr 
df? \ dt 


where now 


3 
) - Br (6a) 


3ub? 


und the constant 3 arises from the 
assumption of a parabolic velocity dis- 
tribution in the liquid film on the vane 
Equations (4) and (5) may be similarly 
modified 

An approximate solution for dr/dt 
from Equation (6a) is possible on the 
assumption that the ratio otf radial ve- 
locity to peripheral velocity ts constant 
range of disk usually en 


Thus a solution for dr/dt is 


in the sizes 
countered 


obtained as follows 


jr 


where 6 the 
This assumption appears to be acceptable 
1s long as the value of the hyperbolic 


ratw v,/or constant 


tangent does not exceed about OR. or 
wa’ /8(r « 1.2. Further, Equa 
tions (6a) and (7c) are valid only for 
the case of laminar flow. If turbulent 
flow is considered, an expression similar 


to Equation (6@) ts obtained as follows 


fb ( dr ot 
dj? 2q \ dt 


(sd) 


the usual friction tactor 


If the above assump 


f/2 is 


for turbulent flow 
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tion is made regarding the constancy ot 
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then an approx: 


velocity 
mate relation tor 
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comport ents 
for turbulent flow 
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locity vector of the liquid may be written 
as (cf. Fig. 3) 


v= 
(8) 


while the angle of this resultant velocity 


is 


= V (er )* + t,* 


@ = tan~? —— < 45 (8a) 

This angle approaches 45° as a limit 
when the frictional resis- 
tance is small, or when the flow rate is 
large. From this consideration and 
Equation (8) the maximum kinetic en- 
ergy Exo, that can be delivered to the 
liquid leaving a centrifugal disk can be 
written as 


tscosity or 


= Vom(2(wr)*) 


(Rb) 


From this, an expression for net power 
may be written as follows: 


= m(er)* 


, 


P= (8c) 


where 


( it.) (Tb.) 
Ib. of liquid sec. 
angular velocity, radians /sec 
outer radius of the disk, ft. 


(Ib.) ( ft.) / 


= power, (sec. ) 


conversion tactor, 


(sec. )*(Ib.force) 


Equation (8c) may be written in terms 
of horsepower and revolutions per min 
ute as follows 


P, = 1.02 10-“w(Nr)? (9) 


where 


P, = net horsepower 
w = Ib. of liquid/min. 
N rev. /min. 

disk radius, ft 


Equation (9) has been plotted in 
Figure 4. For disks on which liquid 
slippage is likely to occur, the net power 
will he below the curve for Equation 
(9). Total power is obtained by correct 
ing the net power lor various transmuis- 
sion and a disk 


pumps large quantities Of air, mm addition 


motor efficiencies. If 
to accelerating the liquid, the net power 
may be greater than that predicted by 
Equation (9) 

It is interesting to note that the power 
required to create new surface, based on 
thermodynamic considerations, is only a 
small fraction of that actually expended 
in a Thus, to 
create new surface, the theoretical power 


conventional atomizer 
required is 

P = Aa (10) 
where 
net average area created /min. 
surface tension, Ib.force /it. 
power required to create new 

surface, ft.-Ib./min 
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lf a gallon of water per minute 1s 
atomized to a spray with a surface aver 
age drop size of 50m, this would be 
equivalent to creating 4900 sq.ft. of new 
surface/min. The power required ac- 
cording to Equation (10) is 25 (ft.) 
(Ib.) /min., or 0.00076 hp. If the power 
were figured from Equation (8c) for a 
6-in. disk atomizer giving the same de- 
gree of atomization at 15,000 rev./min., 
160,000 ( ft.) (1b.) /min. would be re- 
quired, or about 5 hp. Thus, the theoret- 
ical power for atomization is only 0.02% 
of that which might actually be 
pended by a disk atomizer 
nozzle atomizing 


ex- 
If a pressure 
1 gal./min. at 4000 
lb./sq.in. can produce the same average 
drop size, the power consumption will 
be about 80,000 ( ft.) (Ib.)/min., half 
that of the disk, but still many hundred 
told greater than the theoretical mini- 
mum power required. A similar estimate 
for a two-fluid nozzle indicates a power 
requirement on the order of 200,000 
( ft.) Clb.) /min It is evident that 
atomization is a process accompanied by 
a large increase in entropy. This large 
difference between actual and theoretical 
power suggests the need of research to 
develop new methods of atomization 
which will consume much less energy 
per unit of surface created. It is to be 
recognized, however, that much of the 
energy consumed in atomization must 
go into dispersing the drops and mixing 
them with their surroundings. Certainly 
this is an important part of the atomiza 
tion process in spray drying. 

The particle trajectories of the various 
atomizers function of the type 
In general, the spray pattern 
from nozzles tends to be conical in shape, 
the included angle of the cone seldom 
exceeding 120°. The spray pattern of 
disks, however, resembles more nearly 
an umbrella, with the particle trajector- 
ies usually in the plane of the disk. Cer- 
tain disk designs, however, may eject a 
spray at an angle to the plane of the 
disk. The various trajectories and spray 
patterns of atomizers materially influ 
ence the design of a spray dryer, and 
the configuration of the drying cham- 
ber. 


are a 
and design 


One controversial question concerning 
the various types of atomizers is: 
Which type will produce the most uni- 
form drop-size distribution for given 
conditions ? this has never 
been answered by comparative studies of 
each type. It is believed that with proper 
design and operation a pressure nozzle 
and a rotating disk can be made to 
produce sprays with approximately the 
particle distribution 
though each type may not produce a 
particle-size distribution following the 
same mathematical law. 


However, 


Same size even 


A comparative 
study of each atomizer under comparable 
conditions involves the tedious problem 
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ot sampling the spray and counting the 
drops in various size ranges. Several 
thousand drops must be counted in each 
sample for satisfactory accuracy. This 
laborious procedure has represented a 
tremendous obstacle to atomization re- 
search, but with 
automatic drop counters of the type de- 
scribed by Rupe (23), it is anticipated 
that considerable progress will be made 
on comparative the various 
types of atomizers. It is well to point 
out that there considerable 
difference between the drop size created 
at the atomizer and the finished product 


the development of 


studies of 


may be a 


particle size. Pufhing of the drop and 
agglomeration contribute to effect the 
change in original drop size 

It is proposed that a comparison of 
atomizers should involve the following 
fundamental aspects : 


Nozzle capacity expressed as square 
feet of surface created per pound of 
liquid atomized per minute 

Efficiency 
sumed per 
created 


expressed as 
square foot of 


power con 
surfac 


Drop-size distribution or sharpnes#@ 
index for identical flow rates 
Weight flow distribution 


A further comparison of nozzles and 
disks reveals the latter to be somewhat 
flexible 
variations in operating conditions. Thus, 
for a given problem a disk might handle 
a variation of rate m a range otf 
+25% of design capacity without 
greatly affecting the particle size of the 
product and without the necessity of 
changing operating conditions, provided 
In order to 
handle an increased capacity with noz- 
zles, either the pressure must be raised, 
or if constant pressure is desired larger 
nozzles must be substituted. Nozzles on 
the other hand are more adaptable to 
countercurrent flow operation because of 
the more confined nature of their spray 
pattern. Adaptation of a disk to counter 
flow operation involves methods for 
bending the spray trajectories either by 
air flow or disk design, or both. Rather 
high air velocities are required to dis- 
turb appreciably the trajectory of the 
spray of liquid near the spinning disk. 

In general, both nozzles and disks will 
handle fluids of the same consistency. 
Disks may frequently handle heavy 
sludges which cannot be satisfactorily 
pumped with piston pumps and atomized 
by pressure nozzles. On the other hand, 
pressure nozzles have been found well 
suited, for example, for atomizing a 
which tends to form 
strings on disks, by superheating the 
liquid under pressure so that on ejection 
the nozzle an added disrupting 
force due to sudden vapor formation 
aids atomization 


more from the standpoint of 


feed 


excess power is available 


viscous liquid 


from 
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2. Drying of Drops. The second impor 


tant phase of spray drying concerns the 
drying rate of drops. Considerable at 
tention has been given to the evapora 
tion of pure liquid drops. An extensive 
experimental study of the evaporation of 
naphthalene, 


spherical drops of aniline 


nitrobenzene, and water was reported by 


Froessling (6). Sherwood and Williams 


(28) correlated much of the significant 
published data on mass transfer from 
liquid drops heat transfer to 
solid spherical particles. Their recom 


and on 


mended equations for mass transfer for 


three different ranges of Reynolds num 
ber may be written as follows 


given by Equation (14a). This substitu 
tion gives the following more general 
expression for the evaporatien lifetime 
of a pure liquid drop 
oO 


Equation (17) is useful only if a re 
lationship between D, and the velocity, 
in the Reynolds number is known 


Froessling presented the following 


equation for all values of N », 
kk 

D 
2{1 + 0.276( Ng.) 


(14) 


N’ 
pra 


Phe corresponding equation for heat 
ranster 1 


Al, 
Vive 


( ase 


f Zero Relative elox tly; t.¢., 
In spray drying it is not unusual 
for N Re tO be low 


2[1 + 0.2761 Np,) (Ny, )* | 


(l4a) Le., for a low relative 


velocity to exist between the particle 
for small drops to be 


Even at high velocities, a low 


q is evident that Equations (11) and 


14) are equivalent at low values of and the gas 


involved 
Ke 
Reynolds number occurs with small par 
ticles. Equati 4 “lati 

Evaporation Lafeteme of Pure Liquid uation (148) for sero relative 


Drops. Since the rate of evaporation of SS == 
a pure liquid drop ts proportional to the 
of heat transter to its surface, a 
wat balance give 

inne SAt,k, D,, 


velocity simplifies to the following ex 


(15 
pression for A 
which reduces to 
Ry, 
dl) h (18) 
dé lSe D, 
Ii 2at prA effectively constant ry When thi expression tor # Its substi 
tuted in Equation (16), or when 0 
comdition which is often met under “a 
n Equation (17), the time for complete 
actual drying operations, integration of 


evaporation ts given by 


Equation (15) wives the lifetime of a 
drop Thu Ap, 
(19) 
Dy, 
il), 
0 xv (16) Thus the lifetime of a drop for zeré 
cal. } 


relative velocity ts found to be propor 
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I For Ng, < 40 
be 
k,RTD, % 2 3 2 34856 3 
Ne dD Fig. 5. Effect of Drop = Time for Complete Evaporation of 
ater Drops. 
For 4< Ny, < 400 
we = 1.5(N yg.) *( ™ 
(12) The integration indicated by Equation tional to the square of its initial diameter 
; _ (16) requires data on the film coefficient and inversely proportional to Af,, an 
For Nip. > 400 the fil ft 1 ly proy and 
A at various values of D,. the gas film thermal conductivity, ky. 
Ne PUN ge) UN pe) Equation (16) may be generalized 
(13) further by substituting for A its value as Lifetime of a Drop Falling at Ter- 


minal lelocity, lf v in Equation (17) 

equals v,, the terminal velocity, the life- 

time can be obtained using values of v, 
D,dD, 


0.276 ( | 
k, 


calculated by the method of Lapple and 
Shepherd (13). Such caleulation 
however, is generally quite laborious 

lf the drop is falling at terminal ve 
in Stokes’ law or streamline flow 


(17) 


locity 


region, a comparatively simple relation 


ship between v, and D, exists as fol 
lows 
dip », 
PI Pa (20) 
and Lquation (17) becomes 
BD,**dD, (21) 


il4 2) 


where 


RB = 0.276 | ) | 


T he BR 
approxin ately 240 at 400 
1000° K. Thus the evaporation lifetime 
of a drop falling throughout at terminal 
Stokes 


lifetime 


Pa) Pa 


(2la) 


will vary from 
K. to 8&1 at 


value ot for air 


velocity im the law region is less 
than its 


still 


when evaporating in 


air by a fraction equal to 


2 BD,*/*dD, 
4 BD,3/?) 


FOR PURE WATER DROPS 
| | --— Termine! velocity | 
| FOR COMPLETE) EVAPORATION, SEC | 
| 
|” 
4 
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Equation (21) may be integrated in a series form to give the following result 


_ 
Bat, k, 


The series converges if 


<1/B 


In Figure 5, Equations (19) and (22) 
have been plotted for various values of 
At,, to compare the evaporation time 
for zero relative velocity with the life- 
time of the drop if it is moving through- 
out at its terminal velocity in the 
Stokes’ law region. It is evident from 
this plot that the effect of a velocity 
equal to the Stokes’ law terminal ve 
locity is negligible until initial drop 
diameters on the order of 300p are 
involved 

The Reynolds number range of 
greatest significance in spray-drying 
applications is to The Stokes’ 
law region is generally accepted to be 
in the range Vp, < 2.0. Particles of 0p 
and less subjected to relative velocities 
300 to 500 ft./sec. will not exceed a 
Reynolds number of 200. However, the 
time during which such relative veloci- 
ties exist is short, since the particles 
will be rapidly speeded up or slowed 
down to the air velocity. Consequently, 
it would be expected that a spray par- 
ticle in a spray dryer will be, for the 
most part, in the Stokes’ law region of 
flow. Consequently, Figure 5 should 
give a reasonably close approximation 
to the time required for complete 
evaporation of pure liquid drops of the 
size usually encountered in spray dry- 
ing 

Ihe foregoing consideration of the 
evaporation of liquid drops assumes that 
no foreign matter exists in the liquid. 
Hence the correlations and equations 
presented represent only approximations 
to the actual case in spray drying where 
a solid exists in the drop, either in 
suspension or in solution. When a solid 
is present in the drop all the usual com- 
plications of any drying problem are 
encountered. Thus, a period of free 
water evaporation will occur followed 
by a period when the solid phase offers 
the principal resistance to evaporation 
Also encountered is the problem of case 
hardening when the drop surface forms 
a dry skin during the first instant of 
drying. In such a case, the entrapped 
liquid may exert a pressure as it va 
porizes, and will either stretch or 
rupture the case-hardened surface ot 
the drop. This results in a_hollow- 
sphere type of particle with or without 
blow-holes in the sphere wall 
dried soap beads are the most typical 
examples of this phenomenon. However, 
hollow particles may be obtained with 


Spray 
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other materials according to the con 
ditions of the operating variables, and 
according to the shrinkage phenomenon 
during drying. Another form the 
spherical particle might assume would 
be one of a porous or spongy structure, 


a. Spray-dried lemon juice. Nozzle 
atomization. Solids content of feed, 

. 60X. b. Spray-dried pectin. 
c. Whole milk spray dried with disk 
atomizer. Note uniform size range. 
d. Left: X60. Spray-dried sodium 
chloride showing spherical particles 
composed of cemented crystals as 
shown by crushing Right: 100X Feed 
concentration 40% total solids. 
Sprayed with disk atomizer. e. Spheri- 
cal, hollow particles obtained by 
spray drying, showing vapor holes 
through the shell. 24X. f. Left: X60 


composed of agglomerates of original 
submicron particles of the solid. Such 
a structure is usually easily disintegrated 
to the ultimate particle size if there is 
no cementitious material holding the 
particles together. A particle of this 
type might be obtained with dyes, paint 
pigments, insecticides, inorganic salts, 
and similar materials which have been 
very finely divided prior to drying, and 
washed free of impurities 

Few experimental studies on the 
drying of liquid drops containing a 


Spray-dried coffee showing wide size range. Right: X200 Transparent shells 
of fractured particles typical of low density powders. g. Spray-dried gelatin 
showing elongated, egg-shaped particles, typical of two-fluid atomization of 


Fig. 6. 


viscous solutions. 802%. 
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solid have been reported (22, 30) 
Hence, it is difficult to predict how ac- 
curately the drying times estimated from 
Figure 5 for pure liquid drops will 
apply to drops with a solid present Pre 
sumably it is a fair approximation for 
materials forming porous particles, and 
for drops with a low solid content and 
no tendency to case-harden. It would 
not be expected to hold for materials 
such as soap, nor for salt solutions which 
produce heat effects due to crvystalliza 
tion, and which appreciably reduce the 
normal vapor pressure of water with 
increased concentration 


3. Spray-Gas Mixing. The third im 
portant step in the spray-drying process 
is effective mixing of the spray and 
gas. It is evident from the short drying 
times involved in spray drying that the 
time required to effect intimate mix ng 
yf the spray and gas may be appreciably 

ger than the drying itself, Herein 
es the possibility for the greatest single 

nprovement in spray dryer design 

The various spray dryer designs to 
ay reflect in large measure the various 
ttempts that have been made to solve 

118 pray Kas Mixing problem The 
jow Of gas and spray may be cocurrent 


muintercurrent or a combination ot 


th. The spray may be directed 


down or up, horizontally 
1 angle to the vertical Spray dryers 
nhadying all of these teatures are m 

tence 

\ factor greatly influencing this 
roblem of mixing is the trajectory 
attern the various ttomizing de 
the problem of effecting 
mixing of a spray coming off 
ill points around a rotating disk may 
more difficult than mixing the conical 


ped irom a pre ure nozzle 


pal schemes of air flow and 
mixing f du ray drver 
dicated im 


will con 


Part Il 


the prayv-dryer design 


Notation 


constant 
thon equation 
area net urtace 
tion (10 
heim he ot m vaned disk 


ot 
kquat am! ¢ 


constant defined by Fy 


particle diameter 

iriction tactor 

mass velocity 

acceleration due to gravity 
conversion factor, (Ib. mass) 


Cit.) (lb. force) (sec. 


film coefficient for heat trans- 
fer, Bu./(hr.) sq. ft.) 
(° F.) 


empirical gonstant, Equation 
(2) 


film coefficient for mass trans- 
fer, ib.-mole/(hr.) (sq. it.) 
(atm. ) 


thermal conductivity of gas 
film 


empirical constant, Equation 
(2) 


mass, Equation 
molecular weight 
rate ot rotation 
Nusselt number hD,/ky 
Nusselt number corresponding 
to mass transter 
k,RTD,/D 
Schmidt number 
(p/pD)) 
Reynolds number 
Prandtl number 
ph 
dimensionless time of retention 
on disk atomizers wt 
number of particles of size 
quation (2) 
power, (ft.) (1b.) /min 
| ( tt.) /sec 
horsepower 
empirical constant, Equatior 
(2) 
mean partial pressure differ 
ence 
volumetric liquid flow rate, vol 
(unit time) (vane), Equa 
thon (6) 
volumetric rate of air flow 
Equation (1) 


etric rate of liquid flow 


rachal distance on disk where 


liquid is deposited 


absolute temperature 


time of passage on disk 


inlet and outlet gas tempera 
ture, respectively 


atrine sphere temperature ind 


wet-bullb temperature re 
spectively 


saturation tempera 


mean temperature difference 
between drop and 
ing air 

gas velocity 

relative velocity between gas 
and liquid ; m./sec., Equation 
(1); consistent units Equa 
tion (7) 

peripheral velocity = er 

radial velocity on vaned disk, 
Equation (7a) 

terminal velocity of falling 
drop 

flow rate, lb. /min 


Ib. /sec 
moisture content, Ib. moisture 
Ib. dry solid 


particle size in distribution 


equation, Equation (2) 


thickness of liquid at any dis 
tance r on a vaned disk 
atomizer, Equation (76 


dpb (length)~? 


(6) 


Equation 


py (time) / (length )?, 
Equation (6a) 

w*, Equation (6) 

over-all dryer efficiency 

evaporative ethcrency 

angle, radians, Equations (4 
and { 5) 

evaporation time of liquid 
drops, Equations (16)-(18 


latent heat of ev poration 


ity; poises, Equation(1) 
dimensionless radial distance 
( Zar l Equation (7) 
liquid density, g./ec. in Equa 
tion (1) 


ur density Equation (20 


density of liquid 


surtace on dynes /em 
(10) 
trictional 
“sistance in liquid flow on 
ito ze Equations 
io) 


tractive torce, lorce/unit area 


angular velocity, radians /unit 
tirnne 


ted and Discussio 
ith Part 11 im the 
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PPLICATION OF ION EXCHANGE 


Copper-Amberlite IR-120 in Fixed Beds 


W. A. SELKET and HARDING BLISS 


Yale University, New Haven, Connecticut 


PROBLEM of increasing interest 

is the treatment of dilute wastes, 
such as wash waters from metal pickling 
or plating operations. The recently de 
veloped resinous ion exchangers of high 
capacity seemed to be potentially attrac 
tive as a means of concentrating such 
wastes to the point that they could be 
economically recovered or more easily 
converted to insoluble ior safe 
disposal 


forms 


In order to use resinous exchangers 
for this purpgse, most effectively, it is 
learn the 
the process (particularly the rate-deter- 
mining step) and to measure the funda- 
mental constants 
change. These are the broad aims of 


this work. With an 


the mechanism and values of the apppro- 


necessary to mechanism of 


governing the ex 


understanding ot 


priate constants it should be possible to 


design a suitable ion-exchange unit for 
any given duty with a minimum of la 


boratory experiments 


Scope 


Copper was chosen as the exchanging ton 
it is frequently industrial 
mor 
and because 


because met 


wastes, because it is similar in behav 
other ions even more often met 
it is easy to determine analytically 
The resinous 


berlite 


Am 


of its hig! 


(cation) exchanger 
120 was used because 
and its bead form which makes it 
thar 
whn 


capacity 
susceptible to attritw losses 
earlier resins. Beaton and Furnas (3 
among the first to consider ion ex 
a tool in the field, 
carbonaceous exchanger in 


less 


were 
change as employed a 
some of their 

? Present address: Columbia University, 
New York, N. Y 

Nore: Tables 3 and 4 and the account 
of the apparatus, procedure and analysis of 
the fixed bed are on file with the 
American Documentation Institute (Docu 
ment 2854), 1719 N Street, N.W., Wash- 
ington 6, D. C. Data can be obtained by 
remitting 50 cents for a microfilm and $2.00 
tor photoprints 


runs 
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work. A comparison between Amberlite 
/R-120 and a carbonaceous exchanger is 
afforded by reviewing their results and 
those here reported, although there is a 
considerable difference in method of inter- 
pretation 

The exchanging ion was always copper 
im copper sulfate and the resin Amberlite 
/K-120, although in some runs a prototype 
exchanger known as XE-53 was used. 
Operation was always in the fixed bed, al- 
though a few static equilibrium runs were 
made 

The exchanged ion, ie, the one which 
leaves the solid and enters the solution 
when copper is taken up, was usually hy- 
drogen, but sodium, magnesium, and cal 
cium were also studied in this role. 

The entrance copper concentration 
5-101 meq./l. and it was usually 
up from pure copper sulfate. In one 
sulfuric acid was present in the influent 
The range of these concentrations was simi- 
lar to that found in brass wastes (4) 

The linear velocity of the influent (based 
on an open cross was 6.38 to 80.6 
cm. /min 

The weight of resin used was 2.9 to 
19.4 g. (measured as oven-dried (105° C.), 
hydrogen form) The size distributions 
were as follows 


was 
made 
case 


section 


0.205 


under 


Limited cuts within the above 
were used for special runs 

Both upflow and downflow operation was 
used, although the majority of runs were 
downflow. The temperature was that of the 
room except in one Case 

Regeneration of these beds was not stud- 
ied in this particular part of the work, but 
other regeneration results will be described 
in a subsequent article 


ranges 


Results of Equilibrium 
Measurements 


In order to find the basic rate me- 
chanism an understanding of the equi- 
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librium relationship between copper and 
the simnece 
the actual dynamic exchange in the fixe¢ 


exchanged ion is essential 
bed is accomplished equivalent for equi 
valent, it is necessary that the equili 
brium be studied at constant total nor- 
mality 
per sulfate and sulfuric acid each of a 


Accordingly, solutions of cop- 


concentration of 19.5 meq./l 
pared. These 
proportions and allowed to react with 
the Amberlite 7R-120 (hydrogen form) 
for two days at room temperature with 
The 


were analyzed for copper and the cop- 


were pre 


were mixed in varying 


intermittent agitation solutions 
per content of the resin was determined 
by difference. In order to get the resin 
saturation corresponding to C/C, 10 
a sample of saturated with 
copper sulfate flowing through a small 


fixed bed for 24 hours. The 


resin was 


resin was 
then analyzed for copper 

Results are given in Table 1 and are 
presented also in Figure | 


The same sort of experiments was 
carried out with magnesium sulfate in 
place of sulfuric acid except that the 
resin was initially in the copper form. 
Results are presented in Table 2 and are 
also shown on Figure 1 

These particularly inter- 
esting because they the marked 
difference between the equi! >rium rela- 
tionships of these two systems. Copper- 
magnesium is essentially linear. Copper- 
hydrogen is nonlinear to a notable de- 
gree 


results are 
show 


a 
5 
1. XE-53 2. 1R-120 
mm ™ mm % 
141 41 over 119 3.6 
0.43 — 0.59 51.7 119 . 1.19 264 
0.59 6 295 412 0.59 48.0 
am _ 0.149 32 0.59 — 0.42 11.5 
4 OS 0.207 93 
0.207 0.21 232 


mea 


Fig. 1. 


Considering copper-hydrogen first, 
the equation for this exchange may be 
written 


Cu’ +2HR = Cuk+2H" (1 


riting the Donnan equilibrium ex 


ression as Bauman and Eichhorn (2) 


ave done 


© Your my, My 


here subscripts K and L reter to resin 
liquid phases 
Assuming for these dilute solutions 
at 

10 
You, 


nl denoting 


by K 


ve oR 


above uation becomes 


Ap,a 
io il 


exchar 


mee drv 


j resin ) 


apparent density of exchanger 
(g. dry resin/cc. wet 


total cation normality in liquid 


ion in liquid phase 


E-quatior general relation be 


tween » tor divalent-mono 


1 RRIUM IN THE 


Resir 


! 


- 


valent exchange and is plotted in Figure 
~, with several values of the parameter 
Kp a 
: It is noteworthy that this par 
Lo 

is a function of 1/Ce and that 
(dilute solution) this 
tends to make the equilibrium approach 


ameter 
when Co is small 


nearer and nearer to the extreme 
q/a 10 


for all values of C /Co 

It may be noted that one may arrive 
at the same expression, differing only in 
the value of A, if one wishes to consider 
vction equilibrium rather 
Since the value of 
and not 


this a mass 
than a Donnan one 
K is not 


the interpretation or use of the results, 


known necessary to 
it is perfectly correct to consider Equa- 


tion (3) as derived from the law of 
action 
lurning now to the copper-magnes 


the ex 


ium system, the equation for 


change may be written 
CuR, + Mg* * 
(4) 


Cu + Mek, 


Tce 


You, “cay Mer 


Y Coun YMer © Mey 


VR 
suming 


Mei 10 
Your 


YMen 


then 


COPPER AMBERI 


meg 


Equation (6) is a general one for di- 
valent-divalent exchange and is plotted 
in Figure 3 for the value of the param 
eter K’ of one. It is noteworthy that the 
parameter is unaffected by Co and due 
to its definition, is probably not iar from 
This equation, like (3), may be 
arrived at equally well by the mass ac- 
tion concept. 

Therefore, the two types of equilibria 
found. First, for copper- 
hydrogen the relationship is definitely 
nonlinear and approaches at low con- 
extreme value of 
1.0 regardless of the value of 
This is characteristic of divalent 
monovalent exchange Second, for 
copper-magnesium the relationship is 
practically linear For most divalent- 
divalent exchange systems (and prob- 
ably 
tems, as well) the equilibrium is roughly 
of the same nature 


unity 


have been 


centrations the 
q/a 


many monovalent-monovalent 
Copper-calcium ex- 
this 
same general type of equilibrium. There 


change is probably governed by 
is no exact confirming evidence in the 
case of calcium, however, for other rea- 


sons to be discussed later 


Results and Interpretation of 
Fixed Bed Runs 


The results ot 
are given in Table 3. 

rhirty-eight column runs were made 
In four of these, the liquid flow 


upward, in the rest, the flow was down- 


some fixed bed runs 


was 


batch of ex 
ind the 


ward. Usually, a fresh 


changer was used for eac h run 


bed was hydraulically classified before 


tse The possible mechanisms which 


may govern the exchange are 


1. Liquid diffusion to the 


(ion in and/or 


particle 
jon out 

2, Chemical reaction 

3 Solid or pore liquid diffusion ( 


in and/or ion out) 


It ts quite likely that all of them 


be important, a situation 


may 
ot lerable 
mathematical difficulty. As an approxt- 


mation, however, it ts assumed that one 


of the above mechanisms governs the 


process, thus simplifying the solution 


considerably. For example, mechanism 
(1) might be more important for certain 
regions and mechanism 
Bovd, Adamsor 
concluded that 


concentra 


concentration 
(3) tor 
Myers 

diffusion 


and 
solid 


others 
(5) have 
was governing at 
molal and that liquid 
diffusion or chemical reaction controlled 
this Attention has been 
concentrated on the “break-through 
curves and particularly on the earlier 


tions above 0.1 


below value 


parts of them, because it is believed that 
these are of most practical importance 
Interest for design purposes is in pre 
dicting time of breakthrough and em 
phasis on the relatively early portion of 


October, 1950 


g 

2 

8 > + 

2 wo 
-& 

¢ 

(1 —q/a)* 

(3 
where 
which 
a = total exchange capacity (meq 

dry resin) > 

ion in exchanger \s 

chning 
phase 

q/a , €/Co 
A (6) 

Co = 19.5 

‘ Liquid 

Ouin. Resir 
CusOs ppm OC. meq. 
— ? 0 64 

| 100 142 22 455 

620 1.00 490 
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the breakthrough 1s justified. Ordinar- 
ily concern is not with an exchanger 
when it is discharging an effluent almost 
up to the influent concentration of ex- 
changing ion. However, it must be em- 
phasized that the breakthrough must 
reflect what has long since taken place 
in the upper portions of the bed, and 
these portions have experienced the 
higher values of the curve. More will 
be said of this later 

In this investigation our attention is 
confined to the first two mechanisms 


above, and the development to follow is 


based on such mechanisms. The neglect 7 c 10 
of solid diffusion is justified by the cor- 
sistent results and to a certain degree by Fig. 2. Divalent-Monovalent Exchange Equilibrium. 
run B-27 which is plotted in Figure 4. 
The feed was stopped after 1.30 |. had 
passed and was resumed only after a CABLE 2.—EQUILIBRIUM IN THE COPPER-AMBERLITE /28-120-MAGNESIUM SYSTEM 
22-min. delay. If solid diffusion grad- 
ients existed they would have tended to 
equalize in this period, and the curve ; 
would have shown a discontinuity. The ce. MgO. ame 0/0. 
difference between this behavior and that 400 102 0.148 
observed in this connection by Kunin 200 198 0.288 
and Meyers (12) for an anion ex- 
changer should be noted 

The equation of conservation written 


Oo = 21.6 meq_/L 


Cu.in. Liquid 


100 363 0.58 
100 0.61 


for an ion exchange system is 


f ac aq TABLE 3 
- (7) 

pa Ot ot Run No Bs B-12 B-30 

meq 20.0 19.5* 

This assumes no lateral concentration ad a 
HBO. 

gradients in the solution or in the solid. ¥ (i/hr.) . 1.55 1.5 
Bed Wt. (g. dry HR) 16.3 16.8 5.9 

It may be noted that the second term  Kesin (type, form) . x xB. 42-53 1R-120-H 1R-120-H 

above refers to accumulation in the (mm) acme! 


voids and may be omitted in the case of OG 


dilute solutions without serious error : 0.484 0.004 2.805 0.004 0.002 0.00 
After superimposing on this a rate 
equation consistent with the above as- 
sumptions, one may integrate to get a 
suitable expression for C/Co as a func- 298 
tion of time and position, i.e., the break- 0.42 59 0.588 3.560 0.280 0.306 
through curve. 0.81 4.730 0.408 0.410 
The rate equations considered and the 
integrated results are as follows: 


0.087 0.560 0.0217 8.085 0.024 0.006 001 


0.070 0.687 0.132 3.270 0.092 0.008 0.05 


O.888 8.820 3 0.600 
0.952 3.930 0. 955 0.760 
Liquid diffusion controls; nonlinear - 
1.00 4.060 2 

equilibrium (copper strongly adsorbed) 
4.200 2 0.975 
dq 


dt 


kp St until q * Temperature 63° 4.390 0.8560 4. 008 


when q a (a) 


This might be expected to be applic 
able to copper-hydrogen or copper 
sodium. It will be noted that the assump- 
tion here is the extreme of this case 
This assumption might be described as a 
case of zero back pressure until the solid 
is saturated, when the driving force 
drops to zero. 

Klotz (77) has shown the integral ex 
pression to be 


Fig. 3. Divalent-Divalent Exchange Equilibrium. 
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/ a 
A °° 
4 
4 
a 
dq 
dt } 
YY / Jf 
VA / / 
Qf 
/ 
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The voids accumulation term has been 
neglected in arriving at this and the first 
portion of the bed has been assumed to 
be saturated 
for beds of ordinary 
mdustrial length 


a reasonable assumption 
experimental or 


Liquid diffusion controls; lincar equi- 
librium 


d. q 


dt 


(« 


which, when it is realized that q 


when <« Co, becomes 


dq 
kyS 


) (11) 
a j 

This might be expected to apply to 
copper-magnesium or copper-calcium 

This is analogous to the problem of 
reat transfer in treated by 
(7) (14), the 
olution to which is presented in the 
urves of Furnas (9) 


fixed beds 


nzelius and Schumann 


Chemical reaction controls linear 


quilibrium 


dq 


dt 


12) 
rhis conforms to the stoichiometry of 
It may 
when 


noted that nce dy it 0 
ind q =a, k, 


ution en 


Ca 
Dhoma (17 wives 
that of 


in the definition of the 


rely analogous to Schumann 
iffering only 
rameters 


Chemical reaction control 


nonlinear 
wihibrium 
tq 


j 


hog 


(13) 


Dis has also been treated by Thomas 


O) le to in 


integr al expression 
@ much interest but also of considerable 
difficulty to use in the 


thon 


inalytical direc 


Chemical reaction « 


thle 


third of 


mirols 


der irrever 


ly 
(14) 
it 

This would 

ft the « 

This has been Domaine 

mar Phet 


were presented im the 


contorm to the stoichio 


metry pper hydrogen exchar ye 
treated by du 
Swain, am 


uger results 


form water 
softening performance charts.’ 
> 
mPrartson 

ire two portar 
nature of the equilibrium (linear ot 

and the controlling mechanism 
(chemmeal re 


or hquid diffusion) 
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Fig. 4. Breakthrough Curve—Interrupted Run. 


Assuming for the moment that diffusion 
still 
difference in behavior between systems 
with nonlinear and those with 
equilibria. The difference is most not 
the band, i.e 
that region of the exchanger over which 
from 
its entrance value to approximately zero 


may control there is considerable 


linear 


able in the behavior of 


the liquid drops in concentration 
This band clearly moves down the bed 
and, when it reaches the end, the break 
through phenomenon occurs. It is a 
of the extreme nonlinear 
equilibrium (q/a 1.0) that this band 
width is unaffected by the length of the 
bed. It that in 
the the 
band increases as the square root of the 


consequence 


can readily be shown 


case of a linear equilibrium 
increase in bed length. This is an im 
difference and is particularly 


noteworthy when the design of large 


portant 


heds i¢ to be considered 


VALUES OF MASS TRANSFER COERFFICIENT 


According to Equation (9), one may 
plot the logarithm of C/Co against 
and a straight line should result if the 
mechanism is correct Departure irom 
a straight line may well be expected at 
values of C/Co if solid diffu- 
sional resistance begins to play a part 
there 
these 
kpySCo/al 


higher 


Such departures were found in 
cases. The slope of this line is 


ind the intercept is 


1) 


which permit the evaluation of kpS and 
a. The behavior of the quantity &,S 
with velocity, particle size, and other 
variables established whether or not the 
mechanism is obeyed. In particular, if 
k»S varies as the 0.5 to 08 power of 
the linear velocity and approximately 
linearly as S and is independent of bed 


AND 


FOR FIXED BED RUNS 


sted first 


Resin Size 


Range— mm 


normal 
normal 
normal 
normal 
normal 
“normal 
2 0.59—0 
215 0.59 
195 0 59—0 


followed by the exchanged ion 


a different batch of Amberlite 1R.120 was used 
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‘normal— 2 
Amberlite 1R.120 


Diameter— mm 


7 
| 
(10) | 
9 i2 i3 14 5 i6 
4 
| 
Ran System * lhe meq. meqie«£ 
Cun Ls 1” 146 43 
Ca—H 72 ™ 0.83 4° 
155 2° 173 41 
4 Cu--Na 15 129 4.5 
18 Cu—Ca 1 195 a4 
Me Ca 1s 42 0.92 
28 Cu—Mg 15 42 11 49 
age Cu—H 15 42 5.5 49 
* The exchanging ion 
Starting with this run, 
normal 4 
141 41 larger than 
ad 9 1.19 3.6 
a 59 295 412 1.19 a4 25.4 
Smaller thar 0.59 a2 115 
las 0.0 42 0.297 93 
October 
, 1950 
an — 


srength, inlet concentration, etc., this me- 
chanism is confirmed. 

Turning to the interpretation based on 
diffusion with a linear isotherm one finds 
it is not quite so straightforward. C/Co 
vs. y must first be plotted. The nature 
of the Schumann curves is that C/Co is 
a function of a variable proportional to 
y and of a parameter proportional to 
position in the bed or bed length. For 
this case the two variables are 


kpySCo 


al’ 


Thomas (17) has demonstrated a con- 
venient method of getting the value of 
the bed length parameter from the slope 
of the C/Co vs. y curve at C/Co = 0.5 
which is useful except with small values 
of the bed length parameter, v 

This method was usually used, but at 
low values of the parameter, compar 
ison of the curves with those of Schu 
mann was made instead. Once the par- 
ameters v and are established 
and a may be solved. 

Again, since this k&,S is a diffusion 
constant times the appropriate area it 
must vary properly with linear velocity 
and S and should be independent of + 
and show orderly variation with Co it 
the mechanism is to be confirmed. 

The case of chemical reaction control 
ling with a linear isotherm the method is 
the same as that for diffusion except that 
the variables are defined as 


k, Coy 
V 


The behavior of this constant, &,, with 
process variables will establish how well 
this mechanism fits. The constant, &, 
should, of course, be independent of 
velocity, particle size, C,, and bed length 

These interpretation 
tried and the methods based on liquid 
diffusion showed remarkable consistency 
and agreement with theory in the cases 
of copper-hydrogen and copper-sodium. 
These systems approach the extreme of 
the nonlinear equilibrium case (q/a = 
1.0) for ¢ 
ium with the linear equilibrium 

Results of this interpretation are 
shown in Table 4 


means ot were 


Co >0 and copper-magnes 


Discussion of Results 


Preliminary. The A- series of runs 
(Fig. 5) for which values of kpS and 
a were not computed served to orient 
the work on a particularly important 
Runs A-1 and 2 (upflow) and 
A-3 and 4 (downflow) were made with 
the normal size distribution of the resin. 
These showed unmistakably that upflow 
operation was superior under these con- 


pornt. 
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100 


Fig. 5. Breakthrough Curves. 


ditions. This can be explained by the 
reasonable hypothesis that 

1. The breakthrough is particularly 
influenced by the particles at the end of 
the bed 

2. The end of the bed in upflow oper 
ation is the top where the smaller par- 
ticles tend to be by hydraulic classifi- 
cation prior to the run. 

3. The smaller particles are more ef- 
fective if liquid or solid diffusion is the 
controlling step. 

In order to confirm this A-6 (down- 
flow) and 7 (upflow) were made, with 
closely sized resin (0.59-0.42 mm.). 
While the same sort of difference was 
observed they were much closer to- 
gether, confirming the hypothesis, point- 
ing up the importance of diffusion rela- 
tive to chemical reaction rates, pointing 
out the importance of the variable par- 
ticle size, and particularly indicating 
that in downflow operation the break- 
through is probably governed by the 
larger particles in the bed. 

In spite of the superiority of upflow 
operation, all runs of the main series 
were downflow because of common in- 
dustrial practice. The above is referred 
to again, however, in the discussion of 
particle size as a variable, for clearly 
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so 


distribution are most 
downflow operation. 


significant 


the larger particle sizes in a fairly ia 
i 


Reproducibility. Runs B-1 and 7, 
and 4A, 15 and 16 and 21 through 2 
were esentially check runs. The agree- 
ment among them is to be noted in Table 
4 and such discrepancies as occur reflect 
experimental error and are in the as- 
sumptions of the interpretation. There 
are explainable differences such as, for 
example, improvement ot experimental 
technique between runs B-1 and B-7. 
Thus, B-7 is undoubtedly the valid one. 


Differences Among the Resins. Three 
resin samples, Xi:-53 and two batches of 
Amberlite /R-120 (the former an earlier 
version of the latter) were used. There 
seems to be a slight difference between 
the last sample of /R-120 and the first 
and the XE-53, as is most clearly seen 
by comparing the values of a, particu- 
larly runs B-21 through 25 with those 
before B-20. It is probable, however, 
that this is only an apparent difference, 
all runs with the last batch of 
1R-120 were on closely sized resin, and 
the interpretation method should be more 
precise in this case, The effects of all 


since 
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variables except particle size to be dis 
cussed below were determined on the 
same batch of resin, so any differences 
if they existed, are unimportant to the 
conclusions 


Runs 


and & show the complete inde 


Effect of Inlet Concentration 
B.2, 7, 
pendence of kpS and a on this variable 
for copper-hydrogen as tm reasonable 


with the liquid diffusion mechanism 


Effect of Red ul etgiht Kuns 4, 4a, 6 
and 7 and runs B-25, 21, 22, 23, and 24 
show the independence of &pS and a on 

Runs 
Cu-Mg 
is a shght disagreement 
kyS 
change in bed length tor both types of 


bed length for copper-hydrogen 
28 and 
although there 
m Tho 


show the same for 


constancy of with 
equilibria is an important point of veri 
fication of the theory, although the bed 
length was varied over only a 244-fold 
here. It noted that 
and Furnas (3) found a 
hange in &pS (or its equivalent) with 


inge should be 


teaton have 
nereased bed length for divalent-mono 
alent systems which does not seem rea 
This is attributed to their in 
erpretation by the Schumann 

hich assume the linear isotherm 
he result in this 


onable 
curves, 

Here 
connection shows the 
mportance o1 the equilibrium function 
ssumed and the superiority of the non 
here for 
Schu 
ann method is correct for copper-mag 
Boyd, Myers, and Adamson (6) 
ave shown a shght dependence of kpS 


near approximation used 


opper-hydrogen. Of course the 


esium 


n bed length when sodium-cesium ex 
hange was interpreted by the Schumann 
In particular, the effect is about 


decrease 


urves 
20% 
old increase in length 


in coeficient for a 15- 
It is probable 
mat this is due to the deviation of this 
stem from a linear equilibrium. In this 
the equilibrium was less favorable 

» exchange than the linear one as 

The accumulated effects of solid 
diffusional resistance in a bed 
might also be offered as an explanation 


deep 


fect of 
runs 


Since all these 
bed of 


volumetric ve 


Velocity 


were made in a constant 


(0.95 sq.cm.) the 


area 
Thus 


clearly 


locity ts proportional to the linear 
the effect of this variable is 
runs B-11,7 and 3 


used 


shown in These runs 
the O7 


which would be expected for liquid dit 


show that &,)S varies as 


power of the lhquid velocity 
fusion but which should not be the case 


for chemical reaction. This is one ot 
the three prinerpal pomts in support ot 
that 


around the particle is the 


diffusion 
rate-govern 


our conchustor liquid 
ing step 


Effect of Partwle Size 
this 


Lhe effect ot 
difficult to 


variable is somewhat 
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evaluate from these data because of the 
rather wide particle-size distribution in 
certain runs and because the larger par 
tend to be at the bottom of the 
bed as a result of prerun hydraulic clas 
siheation In 
was used in all B-series runs, the larger 
particles at the bottom of the bed prob 
ably exert a preponderant influence on 
the breakthrough run 
B-7 the effective diameter of the par 
ticles was taken to be 1.0 mm., the 
of the diameters of the largest particles 
present in appreciable amount. In runs 
K-21 to 25 the diameter of the 
closely sized particles was 0.5 mm. Thus, 
since as the particle 
that the approxi 
mately doubled coefficients of run B-21 


to 25 


ticles 


downflow operation, as 


Therefore im 


mean 


mean 
S varies mversely 
chameter it ws clear 
are as would be expected tor the 
liquid diffusion mechanism provided kp 
Heat-trans- 
volume 
Furnas (9) vary inversely 


did not vary with diameter. 
fer coefficients on a basis as 
measured by 
as the 0.9 power of the particle size. 
Here the kpS is on a volume basis 
(strictly weight but proportional to vol 
ume) and can be compared directly with 
his coefhcients in this regard. Agree 
ment with mass transfer theory is there 
tore excellent. This is the second prin- 
cipal point in favor of this mechanism 
as distinct from one of chemical reaction 
im which no variation of velocity con 
stant with particle size would be ex 
pected. There is, 
trariness im the selection of 


however, some arbi 
mean par 


ticle sizes above and therefore it 1s felt 


that &» should be considered as only 
relatively little affected if not absolutely 
unaffected by particle diameter 


Effect of Temperature Run B-30 was 
made at a temperature of 63° C. There 
is no effect on a but a pronounced effect 
on kpyS. While it is perhaps attaching 
undue weight to this one point it may be 
said that this run compared to B-27 indi- 
cates a dependence of kpS on absolute 
Haslam, 
Hershey, and Kean (10) have found this 
same temperature dependence of liquid 
film coefficients in absorption towers, 


temperature to the 4th power 


Interpreting this temperature depend- 


ence in another way one finds these data 
show an activation energy of about 2800 
cal. /(g 
tor diffusion as distinct 

This is the 
support of the 


mole) | a typical figure 
from chemical 
third principal 
authors’ beliet 


that this is a liquid-diffusion controlled 


reaction 
point im 


process 


ct of Imittal Partial Saturation of 
Runs B-9 and 10 were mack 


ffe 
the Resin 
with the resin contaimimg some consid 
clear that both a 
The reduction of 
understandable, and in 
fact. 1f one adds the computed value of 


erable copper. It is 
and kpS are reduced 
a is perfectly 
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@ from the break-through curves to the 
known amount of copper initially on the 
resin one gets the value of a of approxi- 
mately 4.5, the same as in the other runs. 
The lowered value of kpS is probably 
apparent. It will be recalled that 
a driving force of (C — O) has been 
assumed truth it is (C—e 
small value). Thus all the &pS values 
are somewhat low because of the neces- 
sary required to get a 
mathematical solution of the problem. 
Now when the bed contains some copper 
mitially the true driving force ts (¢ a 
Therefore the 
k»S values will be still smaller than the 
true values and somewhat smaller than 
the values obtained when no copper was 
on the bed. 


only 


whereas in 


simplification 


somewhat larger value) 


Effect of Acid in the Influent. Run 
B-12 was made with 17 meq./l. of 
H,SO, in the feed as well as the copper. 
The value of a is somewhat reduced as 
would be expected, since the equilibrium 
will be somewhat less favorable to cop- 
per in the presence of this acid. The 
rather high value of &pS is unexplained 
and probably attributable to experimen- 
tal error 


Elution. Run B-20 was an attempt to 
elute the bed saturated with copper with 
sulfuric acid of 20 meq./liter concentra- 
tion. Due to the selectivity with which 
copper is adsorbed (Fig. 1) one would 
not expect this to be successful, and it 
certainly was not as shown in Table 3 
This should not be confused with re- 
generation where strong acid is used. In 
this case, as Equation (3) shows, the 
equilibrium is moved much more nearly 
to linearity by the high value of Co and 
regeneration certainly can be accom- 
plished, as is well known, although 
probably not very efficient acid utiliza- 
tion will be experienced. Elution with 
MgSO, (Run 8-26) was much better, 
as would be expected with the linear 
equilibrium involved. If the equilibrium 
were perfectly linear, it would be ex- 
pected that this run would be identical 
to the corresponding exchange run with 
copper-magnesium The coeffi 
cient for the elution appears slightly 
lower, however 


system 


System Copper-Sodium. Only one run 
(B-17) was made with this system, but 
it is clear that the value of a is the same 
as that with copper-hydrogen as would 
The value of &pS is some 
(about 94% of the Cu—H 
value) which would also be expected 
since the sodium ion should move some 
what more slowly than hydrogen. 


be expected 
what less 


System Copper-Magnesium Runs 
B-13, 28 and 29 show that this system 
(interpreted with the linear isotherm 


October, 1950 


pre 
n 
\ 
| 
y 
t 
14 
a 
or 
( 


assumption-Schumann curves) exhibited 
essentially the same values of @ as cor- 
responding hydrogen runs and still lower 
values of &,F (about 35% of that for 
Cu—H). Both these are in accordance 
with expectation if liquid diffusion con- 
trols. 


System Copper-Calcium. Figure 5 
shows that the shape of break-through 
curve obtained with the two runs with 
this system is not exactly similar to 
those predicted by assumption of either 
linear or irreversible equilibrium. No 
equilibrium measurements were made, 
but it is probable that copper-calcium is 
approximately linear, as in copper-mag- 
nesium, but that it is slightly less favor- 
able. The break-through curves do not 
look like those of copper-magnesium, 
however. They have a slight curvature 
concave to the x-axis at relatively low 
values of C/Co which is not found in 
the Schumann curves at all. The equi- 
librium may be responsible for this, al- 
though possibly the solid diffusion re- 
sistance plays part. Certainly 
curves calculated on the basis of solid 
diffusion mechanism by multiple incre 
mental methods show this same concav- 
ity (15) 
seem to behave as the other ions, and the 
values of kpS and a in Table 4, evalu- 
ated as they were on the liquid diffusion 
assumption and linear equilibrium 
should not be given much weight. 


some 


In any case calcium does not 


General Correlation. The values of 
kyS for copper-hydrogen have been 
corrected from the measured figure at 
the particular test conditions back to the 
standard reference conditions by the 
proper application of the effects found. 
Thus the standard conditions are: 


Amberlite /R-120, 


Size distribution 2 


normal—2 of 
Table 4 (average governing particle 
size 1.1 mm.) 

Linear velocity—1.58 1./(hr.) (sq.cm.) 
(downflow ) 

Temperature—26° C. 


“as is,’ 


For runs differing in velocity kpS 
was multiplied by (1.58/V1)®%7. For 
runs differing in particle size kpS 
was multiplied by (d/1.1) since 1.1 mm. 
is the average of the particle diameter 
of the larger sizes present in appreciable 
amounts for the standard conditions. 
For runs differing in temperature kpS 
was multiplied by (299/7)*. These 
values were then averaged to yield 1.37 
1./(g.) Chr.) (variation between 1.15 
and 1.57). This may be readily con- 
verted to an “H.T.U.” of 2.8 cm. 

It may therefore be said that for the 
above conditions a value of &p)S of 1.37 
should be taken for copper-hydrogen 
This value should vary as the 0.7 power 
of the linear velocity, as the fourth 
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power of the temperature, and inversely 
as the diameter of the particles. For 
copper-sodium about 94% of the above 
should be used. For copper-magnesium 
exchange, the coefficient is 35% that of 
copper-hydrogen. In this case the dif- 
ferent kinetic behavior due to the linear 
isotherm should be borne in mind 

For all cases a reasonable average 
value of a is 4.5 meq./g. 


Utility of Data for Design 


The utility of these data may be de- 
monstrated by the following two simple 
examples. 


1. Suppose it was desired to remove cop 
per from a solution of 10 meq,/l. at the rate 
of 1,000,000 gal./day until it had leaked 
through to the extent that C/Co 0.05. 

Suppose, further, that 5,000 Ib. Amberlite 
TR-120 in the hydrogen cycle were to be 
used at the previously described standard 
conditions. Complete regeneration is as- 
sumed although if it is not complete, cor 
rection need be made only in the # term 


Then 
5,000 454 
Co = 10 


1,000,000 x 3.78S 
= 24 = 
C/Co = 0.05 
a= 45 
Substituting in Equation (9) 
= _ 2270000) —1 
In 0.05 3.785.000 \ 45 2,270, : 
whence 


y 919,000 1 


This 
time of 


corresponds to a break-through 


919,000 * 24 
~ 3,785,000 


or 5.83 brs 
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2000 3000 
Curves Runs B-13 Cu” 

B-18 and 19 — Ca”, B-20 H 


4000 S000 
~ Mg’, B-14 — Na’, 


The per cent of the total capacity of 
bed which is represented by the copper 
the feed is 
919,000 « 10 
~2.270,000 x 45 

The per cent saturation of the bed at th 
end of the operation, at 0.05 i 
slightly less than this because of the leaka 
of copper through the bed when C/Co w 
rising to 0.05 

2. Suppose everything were the same e 
cept the substitution of the magnesium cyc 
for hydrogen 

In this case all quantities are the sa 
except K»pS 0.35 x 1.37 = 0.48 T 
method is, of course, much different 


koSX 0.48 * 2,270,000 « 24 
Vv 3,785,000 
= 6.90 
koSCo 
aV 


0.48 « 10 24y 


45 3,785,000 10 


With v= 69 and C/Co=005 ar 
u = 17 according to the Schumann curves, 
Thus 

17 


ays io* 252,000 


This corresponds to a break-through time 
of 

252.08 24 
785,000 or 1.6 hr 


The per cent of the bed capacity represented 
by the copper feed is only C/Co = 0.05 of 
252,000 * 10 

2.270000 45 148% 
This marked difference between the 
copper-hydrogen and copper-magnesium 
cycles in a critical item (the utilization 
of the resin) is in part due to the lower 
value of k,S, but it is due mostly to the 
distinct from the nonlinear 
equilibrium 


linear as 


| | | | 
| 
| | | | | 
4 
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Summary and Conclusions 


As a result of this work the following 
conclusions may be drawn 


1. Divalent-monovalent exchanges such 
as copper-hydrogen and copper-sodium on 
Amberlite /#-120 follow a nonlinear equi 
librium im dilute solutions which may be 
approximated by the extreme gq/e 10 
This is equivalent to assuming no back 
“pressure” until the resin is saturated 

2. Copper-magnesium exchange follows 
an approximately linear equilibrium over 
these concentration ranges 

3. Probably beth liquid and solid dif 
fusional resistances are important in this 
problem, but the early part of the break 
through curve (which is the most impor 
tant from the standpoint of design) is gov 
erned almost entirely by diffusion in the 
liquid around the particles 

4. Kehavior of divalent-monovalent 
exchange in a fixed bed may be interpreted 
Gnd it is believed the design of large bers 
tan be accomplished by the equations 


he value of koS for copper-hydrogen is 
mut 1.37 L/(hr.)(g.) with normal-size 
mberlite /K-120, a downflow rate of 28.1 
n/tn., and at room temperature. This 
p» varies as the 0.7 power of velocity, in 
diameter, as the fourth 
ywer of absolute temperature, and should 
unlependent of other variables over the 
studied. In downflow operation 
a bed of widely spaced particle size, the 
erage size of the larger particles present 
amounts should be used for 
terpretation and prediction 
For deep beds, the largest particles might 
present in sufficient quantity to control 
breakthroug! In deep beds, there is 
possiility that the apparent kpS 
ould be reduced because of the accumu 
ted effects of the deviation of the system 
om the equilibrium as 


recly as particle 


nees here 


appreciable 


a 


mechanism and 
copper-sodium the value 
wart 94% of the 
The value of @ is 


resin 


above 
about 4.5 meq. ‘2. for 


Behavior of Copper-magnesium ex 


ange ina fixed bed may be interpreted 


“i the design of large beds can be ac 


mnplished, it ts belrewed, by the use of 


Schumann cur 


ves with the parameters 


For copper-magnesium the Ss 


about 35% 


values of 
of that for copper-hydrogen 
The appreciable reduction in toS for this 
divalent-ion system is another disadvantage 
to this ton compared to copper 
hydrogen, less favorable equilibrium being 
the prime on 

6. Copper 


system 


calcum exchange does not 


seem to tollow closely the theory 
diffusion with 


ot liquid 
juilibrium It is 
that soled diff usior 
equilibrium both 


« 
as well as non 
contribute to this 


linear 
effect 


7. The behavior of a bed containing ini 
tially same of the ior 
be predicted by correcting a for the amount 
there present and by recognizing that 4.5 
will be reduced a litth 
a nonlinear systen 


to be exchanged car 


by this change with 
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& For resins with a wide distribution of 
particle size upflow operation is to be pre 
ferred to downflow from the standpoint of 
the per cent of utilization of the capacity ot 
the exchanger in a cycle. 
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Notation 


total capacity of exchanger 
milhhequivalents /g. oven-dry 
H-R 
concentration of exchanging 
ion-milliequivalents /liter 
mitial concentration of ex 
changing ion or sum otf 
concentrations of exchang 
ing and exchange d ions 
milliequivalents /liter 
refers to resinous exchanger 
in hydrogen form 
equilibrium constants 
coefficient-liter 
(gram ) (hour ) 


mass-transter 


concentration of exchanging 
ion in the exchanger milli 
equivalents /g. oven-dry 
H-R 

surtace area sq cm £g 
dry H-R 

time-hours 

absolute temperature ° Kelvin 


Schumann 


oven- 


arguments ot 
curves 

column flow rate-liter /hour 

flow rate-liter/(hour) (sq 
cm.) 

bed depth g. ot oven dry H-R 

volume of liquid through bed, 
liters 

ions in liquid phase 

ions within the resin particles 

activity coethcient 

apparent density of exchanger 

H-kK 


particle-g. oven-dry 


ce xchanger 
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Discussion 


L. C. Widdoes (National Dairy 
Products, Long Island, N. Y.): Ap 
proximately what percentage increase in 
capacity can you find on the upflow over 
the downflow for the commercial resins ? 

W. A. Selke: 
tive capacity is brought about by de- 
creasing the width of the break-through 
band at the end of the column. 
Thus, the maximum fractional increase 
possible by any means is the width of 
the band, 
which the leakage reaches the maximum 
tolerable level to the point at which the 
Actually, 
expected 
width, by a 


Ihe increase in effec- 


exit 


measured from the point at 


resin is essentially saturated 


upflow operation can be 


merely to reduce the band 
tactor depending on the range of size of 
resin particles used. The band width also 
depends on tonic system and flow rate 
although with our 


perimental beds, differences in effective 


Pheretore short ex 
capacity ot 15% were noted, this effect 
might be greater or less in a different 
case 

L. C. Widdoes: Ly 
figures on other ions? 

W.A. Selke: Although values of 
the mass-transfer coefficients were not 
obtained for other systems than the four 
mentioned in the paper, it is felt that 
estimates could be made for binary sys 
tems of other ions with copper 

L. C. Widdoes: You wouldn't be 
able to predict for sodium versus hydro- 
gen? 

W. A. Selke: Our data would not 
permit more than a rough estimate 

Anonymous: In connection with the 
Amberlite IR resins, did you have any 
trouble with decrepitation when rewet 
ting ? 

W. A. 


was observed 


you have any 


Selke : 
but it was not considered 
Ina 
system in which the resin is always kept 
wet, this trouble can be reduced 


Some decrepitation 


as presenting significant difficulty 


(Presented at Forty-second Annual 


Veeting, Pittsburgh, Pa.) 
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LETTER TO EDITOR 


ANALYSIS OF REACTION RATE DATA FROM 


FLOW SYSTEMS 


Sir 

The enclosed note is submitted for 
publication in Chemical Engineering 
Progress in the hope that it will encour- 
age a_ better-founded 
reaction rate data in flow systems than 
is often used in engineering work. It 


interpretation ol 


points out a method which will mater- 
ially shorten the labor of calculation in 
analyzing kinetic data without sacrific- 
ing any of the rigor of a proper analy- 
sis. | am well aware that this note con- 
tains nothing new in principle to aca- 
demic investigators, but by personal 
experience I know that in industrial 
research and development departments 
there is a widespread feeling that the 
rigorous kinetic equations for flow 
systems are extremely complicated to 
use. It is in an attempt to dispel this 
misconception that the present note is 


‘ iffered. 


July 21, 1950 


Hugh M. Hulburt, 


Washington, D. C 


HE purpose of this note is to point 
out a simple interpretation of the 
differential 
rate under steady 
cylindrical 


equation tor the reaction 


flow conditions in a 

with no pressure 
gradient and no radial velocity gradient 
“plug flow” conditions). A 
differential material balance at an arbi 
trary cross section of the reactor (7, 2) 


reactor 


(so-called 


gives the equation 
G FipZ) Fic) (1) 


where 


Z = molal concentration of key 
component (Ib. - moles /Tb. 
fluid stream) 


G mass velocity 


(hr.) 


Ib./(sq. ft.) 


p = fluid density (tb. /cu.ft.) 


from reactor inlet 


x = distance 
(ft.) 


FipZ) = tb.-moles of key component 
produced /( hr.) (cu.ft. ) 


C = Ib.-moles /cu. ft. 


» and its recipro- 
cal, the nominal contact time, ¢,, based 
on feed rate at reaction temperature and 
pressure, are introduced by the relation- 
ship 


The space velocity, S 


G/pol- (2) 


where 
Po = density of feed 
L = length of reactor 


Equation (1) can now be integrated 
formally to give 
2, 
dZ 
FipZ) ° 
Z, 
rhis equation defines the product com- 
position, Z,, in terms of the nominal 
contact time, f,. The usual kinetic data 
obtained by varying space velocity at 
constant feed composition (isothermal 
reactor) can be represented graphically 
in this way. 
Differentiating Equation (3), 


dZ, 
Po Fip,Z,) (4) 
dt 
This is the fundamental differential 


equation of the plug flow reactor. It 
also applies along any line of constant 
mass velocity in a reactor with a radial 
velocity gradient when radial diffusion 
may be neglected. 

Note that p,Z, is the concentration, 
C,, in the product in the usual units of 
Ib.-moles /cu.ft. Hence F(p,Z,) the 
usual rate expression as written for a 
static system. E.g., for a first-order 
reaction, F(C,) RC). 

The left-hand side of Equation (4) 
can be written 


Pe dt, dt,\ p, dt,\ py 


(5) 


In a constant pressure reactor, the 
ratio p,/p,; is just the moles total prod- 
uct per mole total feed, and hence, equal 
to the ratio S,/S, of the space velocity 
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based on products to that based on feed. 
Thus Equation (4) becomes 


li Equation (6) is to be integrated, 
S, must be expressed as a function of 
C, and no particular advantage can be 
claimed for this over any 
other. Of course, any consistent method 
of transforming the concentration units 
in Equation (1) will give correct re 
sults (2, 3). 

However, when 
are to be evaluated by taking the slo 
of a composition-time curve, use of th 
composition function S,C,/S, has de 
A plot ot 
t 1/S, gives a curve whose slope 


any value of ¢, is equal to the differen 


expression 


reaction velociti 


nite advantages. 


tial reaction velocity to be expected 
a nonflow system at that same contac 
time, viz., F(C,). E.g., if the mechan 
ism has the quasi-elementary form 


F(C,) = &,(C,)* (7 
a plot of log (d/dt,)(S,C,/S,) vs. \ 
C, will give a straight line whose sk 
is the apparent reaction order, » 

The analysis of differential rate da 
thus determined proceeds exactly as fo 
the familiar nonflow systems. By takin 
$,C,/S, as the variable 
the truly chemical rate factors are dis 
played unencumbered by the effects o 
density constan 
pressure continuous reactor Thig 
separation of chemical and physical 
factors is often a help in diagnosing 
apparent anomalies 

The factor S,/S, is appreciable only 
for gas-phase reactions in which the 
moles of product differ from the moles 
of feed, but should not be neglected in 
this case when reaction is more than 
about 20% complete 


composition 


mean change in a 
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recent years industrial instruments have proved both practical and 
neficial in the regulation of chemical concentrations of process liquors. 
he present paper deals with several systems utilized for this purpose in 
odern plants, including brief descriptions of component parts and typi- 
1 industrial control combinations. 


he scope of the paper is confined to industrial electrometric measure- 
ents (pH, electrolytic conductivity, and Redox) and alternate methods 
f specific gravity measurement, including differential pressure meters 
nd electric hydrometers. These are considered in various control com- 
inations with proportioning pumps, dry feeders, automatic weighing 
evices, and special control valves for slurries and low flows. Recording 
ctrometers and gas analysis equipment are not included. 


such as chemical 
concentration, specific gravity, viscosity, 
or refractive index. Particularly in con- 
tinuous processes where the composition 


N a chemical process, automatic con- the process solution 


trol of such variables as temperature 
flow is often only an indirect method 
regulating other desired properties of 


ELECTRONIX 
pH CONTROLLER 


AMPLIFIER 


CONTROL 
VALVE 
pH ELECTRODE | 
ELEMENT 
= 
T | 
PuMP 
he 
3 
— sact 


Fig. 1. Typical pH Control System Used in Manufacture of Disodium Phosphate. 
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INDUSTRIAL PROCESS SOLUTIONS 


Some Methods of Automatically Controlling 
Chemical Concentrations 


D. M. CONSIDINE and S. D. ROSS 


Minneapolis-Honeywell Regulator Co., Philadelphia, Pennsylvania 


of feed stocks or raw materials can vary 
during operation, automatic controllers 
which do not reflect such changes in the 
measurements are powerless to compen- 
sate for them. 


Modern instrumentation 
offers controllers which can 
ously and directly analyze many chem- 
ical or physical properties of a process 
solution as the basis for automatic con- 
trol. 

In the present paper, commonly avail- 
able systems are described for the con 
trol of based 
upon measurement of pH, oxidation- 
reduction potential, electrolytic conduc 
tivity 


continu 


chemical concentration 


or specific gravity. Following a 
brief discussion of each type of meas- 
a method of determining 
chemical concentration, consideration is 
given to practical means for actual regu- 
lation of the control agent flow in the 


urement a 


pre cess 


pH Measurement. As a direct meas- 
ure of effective acidity or alkalinity in 
an aqueous solution, pH offers a means 
of chemical concentration control which 
is finding wide application in modern 
Illustrative of its 
system 


chemical processing 
industrial the 
Figure 1 for the preparation of disod 
ium phosphate. Soda ash enters a mix 
ing tank, as \ flow-type ele 
ment is installed in a sampling line in 
the salt outlet pipe and is connected to 
a recording controller 
through an amplifier unit. The pH con- 
troller the 
acid (the control agent) by posi- 


use 1s shown in 


shown 


pneumatic 


regulates inflow of phos- 
phori 
tioning a diaphragm motor valve 


The first consideration in such control 
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applications is the rate of change in pH 
as control agent is added. Typical titra- 
tion curves are plotted in Figure 2. In 
general, it will be noted that at first 
the slope of the pH curve changes 
slowly with addition of acid, then much 
more rapidly as neutrality is approached, 
and again slowly after the neutral point 
is passed. The rate of change in pH 
is seen to vary widely along these 
curves. 

For optimum automatic control, this 
characteristic must be taken into ac- 
count. When small additions of the 
control agent cause rapid and large 
changes in pH, such as exhibited by 
the mixture of a strong acid and base 
near the neutral point (4), wide cycling 
about the control point can easily result 
and straight-line control records are 
difficult to obtain. 

Use of a buffer acid or base as the 
control agent, where possible, or natural 
buffers in the solution often simplify the 
control problem by providing a more 
gradual slope in the curve (see point 
D). Otherwise, a larger mixing cham- 
ber is recommended so that the volume 
of the solution itself tends to slow down 
the rate of change in pH. 

On the other hand, the slope of the 
pH curve is seen to be almost horizontal 
at points B and C where a large excess 
of the strong acid or base is present. 
Control in this region is obviously im- 
practical, since pH measurement is in- 
sensitive to changes in the control agent. 
Direct measurement of pH as a means 
of concentration control is generally 
confined to dilute solutions, or more con- 


centrated solutions near the neutral 
point. 
Various types of glass-measuring 


electrodes and calomel-reference elec- 
trodes are available for use in immer- 
sion or flow-type pH measuring assem- 
blies to suit applications in the range of 
temperatures from 50 to 212° F. and 
pressures up to 30 Ib./sq.in. Conditions 
exceeding these limits can frequently be 
handled by the continuous removal of a 
sample through a heat exchanger and/or 
pressure-reducing valve. 

The temperature effect on the pH 
measuring electrode is automatically 
compensated by a_ resistance  ther- 
mometer bulb in the electrode assembly 
so that the potential developed is that 
due to the pH of the solution at the 
existing temperature. 

From the control standpoint, it is 
highly desirable that the treated liquid 
and control agent be mixed intimately 
as rapidly as possible. This may re- 
quire an additional mixing tank with 
suitable agitator or a pipe line mixer 
with baffles (2). 

Capacity in the form of a mixing tank 
is helpful also in dampening out rapid 
changes in pH or flow of the liquid to 
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Fig. 2. Typical Neutralization Curves of Strong and Weak Base with a Strong Acid. 


be treated. Furthermore, some retention 
time is usually required to enable the 
reagents to react prior to pH measure- 
ment. 

The glass electrode is quite sensitive 
to changes in pH and, when combined in 
an electronic measuring circuit, provides 
a system with high over-all sensitivity. 
The introduction of capacity for mixing 
and reaction, however, necessarily pro- 
duces a time delay in measurement of 
pH changes. This lag usually dictates 
the use of a proportional controller with 
provision for wide proportional band 
adjustment and automatic reset. In some 
cases, the need for rate response (deriv- 
ative action) is indicated. 


Redox Potential. Although not used 
industrially to the extent of pH, Redox 
potential is worthy of consideration by 
the process engineer. In many chemical 
reactions, a given ion in solution under- 
goes oxidation or reduction, either com- 
pletely or partially, and it is important 
to control the reagents involved so that 


the process proceeds as desired. By the 
use of electrometric equipment similar 
to that for pH measurement, it is pos- 
sible to measure the potential developed 
due to the relative amounts of oxidant 
and reductant in solution. This is known 
as the oxidation-reduction or Reuox po- 
tential. 

An example of this form of measure- 
ment applied industrially is found in the 
extraction of bromine from sea water 
where oxidation potential guides the 
process at several stages (5). In the 
steaming-out towers, for example, bro- 
mine is removed from HBr by the 
addition of chlorine. An electrode ele- 
ment is placed in the effluent line from 
each tower, measurement of oxidation 
potential being used to throttle the addi- 
tion of chlorine. 

Redox potential is influenced by both 
temperature and pH. These factors 
must be investigated, and where they are 
not sufficiently stable, must also be con- 
trolled. Aside from the fact that this 
potential usually must be plotted experi- 
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Fig. 3. Several Curves of Conductivity vs. Concentration Plotted at 65° F. 
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Fig. 4. Differential Pressure-type Specific Gravity Measuring System 
Employing Air Purge. 


mentally under actual operating condi 


tions, considerations m its application 


are much the same as previously dis 


cussed for pH 

Conductivity. In contrast to pH or 
Redox potential measurements, electro 
lytic conductivity is affected by all ions 
present in a solution. As a 
chemical concentration 


means ot 
there 
it offers some advantages, particu 
more 


control, 
tore 
larly im concentrated solutions 
although it is also suited to measuring 
low concentrations 

The measuring element comprises two 
electrodes or plates insulated from each 
other in what is commonly called a 
cell.” Conduction of current due to the 
ions im solution is measured by an elec 
the 


only a 


potentiometer m terms of 


With 


present m 


reciprocal ohm or mbho 


single clectrolyte solution 


| 


Liquid Flow 


Note Plummet 


Shown 


conductivity is a direct measure of 


chemical concentration of the disso 
ciated 

As shown in the curves of conductiv 
ity versus concentration (Fig. 3), it is 
necessary to consider the slope in the 
region ot desired concentration control. 
Regulation of hydrogen chloride concen 
tration in the vicinity of 9% 
be feasible, but at 18% 


reaches a maximum, it is obviously not 


is seen to 
where the curve 


suited because decreasing conductivity 
values might be indicative of either de 
increasing concentrations. 
In mixtures of electrolytes, it is usually 
desirable to test the solution experimen 
tally to determine whether or not useful 
relationship between conductivity and 


creasing or 


concentration ts present (4) 
known to be affected 
well as ion concen- 


Conductivity is 
by temperature as 
One method of 


tration temperature 


+) Sompling 


Chamber 


\ Plummet 


Reference 
Point 


Platinum - Iridium 


Colibrating Chain 


in Middle Of Range 


Fig. 5. Schematic View of Electric Hydrometer Detecting Element. 
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compensation involves the use of a sec- 
ond sealed cell immersed in the process 
solution together with the measuring cel! 
and connected in the instrument circuit 
such that it cancels out the effects of 
temperature. Enclosed in the additional 
cell is a sample of the solution being 
measured at a concentration equal to 
that to be maintained in the process. 

A second means of automatic compen- 
sation involves the use of a temperature 
sensitive element installed in the process 
solution and connected electrically in the 
measuring circuit to compensate for 
temperature variations 

Conductivity cells are suitable, in gen 
eral, for pressures up to 150 Ib./sq.in 
and temperatures up to 200° F. They 
can be equipped with molded-rubber or 
stainless-steel protecting tubes to mini- 
mize possible breakage in the process 
Sample cooler assemblies complete with 
cell are available to withstand inlet pres 
sures up to 600 Tb. /sq.in 

Specific Gravity. For some time, spe- 
cihe gravity has been a useful solution 
property to measure as an indication of 
chemical concentration. Several prac 
tical industrial systems are available for 
its measurement and control 


Differential Pressure System. Shown 
schematically in Figure 4 is the adapta - 
tion of a standard differential pressure- 
type instrument for the measurement of 
specific gravity. Air is bubbled into a 
sampling chamber through dip tubes 
immersed in the liquid under test so that 
any difference in air pressure impressed 
on the manometer is due to changes in 
the specific gravity of the measured 
liquid 


\ reference chamber is used to sup- 
the initial differential pressure 
produced by the dip tubes and thus pro 
vides a zero reading on the instrument 
corresponding to the minimum specific 
gravity to be measured (7). Various 
designs of differential pressure meters 
are available, including types which 
permit electric or pneumatic transmis- 
sion of the measurement to 
recording controllers. 


press 


remote 


Electric Hydrometer 
Figure 5 is the detecting element for 
specific gravity in which the position 


Shown in 


of a totally submerged plummet ( float) 
is detected by an electrical system em- 
ploying an electronic potentiometer. Th¢ 
plummet is so designed that, at the cen- 
ter of the gravity range, it will support 4 
half the weight of a calibrating chain 
attached to the side of the sampling 
chamber. When the gravity changes 
above or below its mid-value, the in- 
crease or decrease in buoyancy of the 
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plummet causes it to rise or fall accord- 
ingly, supporting more or less of the 
chain weight until a new position of 
equilibrium is established. 

The vertical position of the plummet 
is translated into an indication of spe- 
cific gravity through the use of an in- 
duectance pickup arrangement. A mag 
netic core inside the plummet and a coil 
winding outside the sampling chamber 
form a differential transformer which 
is connected in an electric circuit vary- 
ing the voltage to the recording poten- 
thometer 

The freely suspended plummet and 
electrical pickup arrangement 
highly 


form a 
sensitive and accurate measur 
ing means. The system is accurate to as 
little as two units in the fourth decimal 
place, depending upon the gravity range 
Full-scale ranges as narrow as .0O5 are 
available within the limits of 0.8 to 3.5 
specific gravity. 

Compensation for variations in proc- 
ess fluid temperature can be automatic 
over a wide range. Solution tempera- 
tures can be as high as 392° F. or as 
low as —112° F. and pressure, up to 
150 Ib./sq.in. in standard models. 


Control Valves. The simplest form of 
a final control element for regulating 
control agent flow is the conventional 
diaphragm motor valve. This air-oper- 
ated, sliding-stem-type valve provides 
wide-range throttling control of flows 
with a high degree of precision in re- 
sponse to air-pressure changes from a 
pneumatic controller. It can be supplied 
with a small valve body and plug suit- 
able for low flows. The more refined 
types of automatic control, such as pro- 
portional with automatic reset, are more 
easily incorperated in such a pneumatic 
system than in its electric counterpart. 

Where the control agent is a slurry 
or contains 
might 


suspended solids which 


tend to conventional 
valve, a Saunders patent design is pre 
ferable. This valve throttles the flow by 
means of a flexible diaphragm which is 
pressed toward a raised seat, cast in the 
valve body. 


clog the 


Even in a nearly closed 
position, it provides a flow path free of 
obstructions and tends to be self-clean- 
Both the 
body and diaphragm are available in a 
variety of construction materials to 
handle highly corrosive fluids. 


ing after having been closed. 


Controlled Volume Pumps. As a final 
control element to be operated by a con- 
centration controller, positive displace- 


ment-type pumps offer some advantages 


over the conventional control valve, par- 
ticularly in the regulation of low flows 
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Courtesy Precision Thermometer and Instrument Co 


Fig. 6. View of Electric Hydrometer. 
Shows, at left, measuring unit; at right, electronic recorder—range 
1.075 to 1.115 specific gravity. 


(down to a few cubic centimeters per 
hour) and flows at high pressures (up 
to 20,000 Ib. smaller sizes). 
They meter the flow accurately at the 
prescribed rate regardless of varying 
pressures up- or downstream (4-6). 


sqin, in 


Controlled volume pumps are supplied 
in types suitable for operation by either 
electric or pneumatic proportional con- 
trollers, which can adjust either the 
speed or stroke as a means of varying 
the control agent flow. Where the 
process input varies over a wide range 
in rate of flow or composition, automatic 
adjustment of both speed and stroke can 
be used—the motor speed, for example, 
being governed by a tlow meter installed 
on the input flow line, while the length 
of stroke is set by a pH or conductivity 
controller on the output flow line. 

As previously mentioned, control di- 


CONTROLLER 


O 


rectly from such measurements as pH 
or conductivity may be impractical when 
the control point lies on a relatively flat 
portion of the process reaction curve. In 
such cases, continuous and automatic 
titration can be used for concentration 
control by means of the Milton-Roy 
Titronic system, shown schematically in 
Figure 7. 

A duplex controlled volume pump 
constantly withdraws a small sample 
from the process output, and at the same 
time draws a metered quantity of a 
standard titrating solution—the two en- 
tering a common mixing chamber in 
which an element for pH, Redox, or 
conductivity is installed. The strength 
of the standard titrating solution and its 
rate of addition are adjusted so that the 
resultant mixture suitable 
reaction curve (7). The measurement 


exhibits a 
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Fig. 7. Schematic Di of Duplex Pump Used in Titration System for 
Concentration Control. 
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Fig. 8. Typical Concentration Control System With Vibrating Feeder as Final 


ican then be used to control concentration 
by regulation of the control agent as 
illustrated 


Dry Chemical Feeders. in chemical 


reactions, the control agent or second 
feed to the process, may be dry chemical 
and require the use of a dry feeder. A 
typical system is illustrated schematic- 
ally in Figure &. Impulses to an electric 
vibrator are regulated by a recording 
controller for pH, conductivity, or other 
selected variable Systems utilizing 
dise-type volumetric feeders, bin valves, 
variable-speed conveyor belts, or other 
dry-feeder designs can be similarly ap 
plied to suit the characteristics of the 
chemical 


Where it is 


dry chemical on a constant weight basis 


feasible to deliver the 


WEIGHT 
CONTROLLER 


Control Element. 


and regulate the liquid flow to the 


process, a system, such as illustrated in 
Figure 9 can be used. The dry-feed 
system, shown on the left, employs a 
conveyor scale with variable-speed 
motor drive governed by a weight con 
troller. This 


ventional recording controller with an 


latter instrument is con 
inductance bridge rec ceiving system com 


monly used for electric flow transmis 


sion. With constant weight feed to the 
process, concentration is controlled by 
regulation of the liquid input through 
a diaphragm motor valve operated by 


the concentration controller 
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Fig. 9. Typical Concentration Control System With Dry Chemical Feed on 
Constant-weight Basis and Control Valve on Fluid Line to Process. 


CHEMICAL ENGINEERING PROGRESS 


Frost, H. C., Instruments, 19, 589 
(1946). 

Hart, P., Instruments, 20, 956 (1947) 

McFarland, R. Jr, Chem Eng 
Progress, 43, 12 (1947). 

Sheen, R. T., Trans. Am. Inst. Chem 
Engrs., 42,725 (1946) 

Sheen, R. T., Chem. Eng. Progress, 
44, 327 (1948) : 

Sheen, R. T., IJnstruments, 22, 442 
(1949) 

Rosenthal, Robert, /nstramentation, 3, 
No. 6, 23 (1949) 


Bibliography 


Chaplin, A. L., /nstruments, 21, 273 (1948) 
Chaplin, A. L., /nstruments, 22, 579 (1949). 
Consi’ ne, D. M., Instrumentation, 2, No. 2, 


7 (1946) 
Greer, W. N., Bull. Agr. Mech. Coll. 7 exas 
No. 100, 66 (1946) . 


Discussion 


G. E. Haddeland ( Shawinigan Chem- 
icals Limited, Shawinigan Falls, Que.) 
You indicated a process vessel or system 
Is the size of that 
vessel or system an important feature 


in your diagrams 


of the control system, or is there any 
relationship ? 


S. D. Ross: You are perfectly right. 
There was no relationship meant to 
exist between the size of the process 
tank and the control system but the size 
of the mixing vessel is an important 
consideration in the application of any 
type of electrometric or similar meas- 
urement. I have heard it said that the 
volume of the vessel should be 3 to 10 
times the rate of flow into the process 
the 
limits depends upon the other factors 


and that exact value within those 


considered: the process reaction rate, 
the time it takes the chemical to react. 
and the degree of mixing present. 


T. K. Sherwood (Mass. Inst. of 
Tech., Cambridge, Mass.): You don’t 
have a relation for your reaction rate 
with the size of the tank? 


S. D. Ross: No. I'm afraid it is up 
to the chemical engineers to develop 
that. There is a paper by H. C. Frost 
(Lt. Cited (2)), in which he goes into 
great detail on the design of a process 
with those factors in mind. The instru 
ment engineer or an engineer with an 
instrument company is handicapped in 
obtaining such data. That is why we ¢ 
believe the process engineer needs a 
general knowledge of these measuring 
systems. He is the one who can best 


apply them 


(Presented at Twelfth Regional 
Meeting, Montreal (Que.), Canada.) 


October, 1950 
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POTASH PRODUCTION 


AT CARLSBAD 


NELSON C. WHITE and CARL A. AREND, JR. 


International Minerals and Chemical Corporation, Carlsbad, New Mexico 


HE potash industry of the United 

States became a dynamic factor in 
the chemical economy of the country in 
the early 1930's when mining of potash 
In the 17 
year period from 1932 to 1949 produc- 
tion increased fifteen-fold to enable the 
country to meet the greatly increased de 


ores at Carlsbad was begun. 


mand of war and postwar conditions. 
Today the annual production rate ap 
proximates 1,000,000 tons K,O and is 
Present producers in the 
Carlsbad field are expanding facilities 
a shaft 
and planning to erect a refinery to treat 


still rising 
with one new concern sinking 
the ore. Three additional companies are 
doing exploratory work to find and de 
lneate ore bodies. One of these three is 
experimenting with solution mining in 
stead of the conventional methods now 
im Use 

Agriculture furnishes the major sales 
outlet for the industry, absorbing ap 
proximately 90% of the total production 
The balance goes into the manufacture of 
miscellaneous chemicals, chief 
these being potassium hydroxide, potas- 
sium carbonate, and potassium chlorate. 

Potash is one of the few commodities 


among 


as yet relatively unaffected by the rising 
pro- 
ducing points has remained practically 
constant for the past 12 years. Since the 
term potash covers all naturally 
duced potassium compounds, prices are 
based on the hypothetical K,O content 
potassium of the material involved. 


price trend, the selling price f.o.b., 


pro- 


History 


One of the early developments in 
chemical production in this country was 
the manufacture of potash from wood 
ashes which was started in New Hamp- 
shire in 1632. In 1750 this material was 
being exported to England and in the 
period just prior to the Civil War the 
value of these exports climbed to 
$2,000,000 anually. In 1861 potash salts 
in commercial quantities were discov- 
ered in Germany and by 1872 our do- 
mestic production had practically ceased 
in favor of German imports. An inter- 
national price war and the onset of 
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World War I revived interest in domes 
tic sources of potash. The existence of 
potash in the Permian Basin had been 
known since 1842 which made it logical 
to concentrate the exploration program 
Financed by grants from 
Congress, Government agencies began 
an intensive search for potash in 1911 
Private interests cooperated by watching 


in this area 


wells drilled for oil and water and pot- 
ash was well in 
Dickens 1912. Poly- 
halite was identified in an oil well test 
in Midland County, Tex., in 1921 

In 1925 sylvite was discovered in a 


found in a water 


County, Tex., in 


well drilled. for oil about 20 miles east 
of Carlsbad 
drill was immediately sunk which indi 


A second hole, using a core 


cated the existence of a deposit of suffi 
cient quality and quantity to justify its 
development 
ment agencies (under the Shepard Bill) 
and «private tmterests intensive 
prospecting by 
activities resulted in the establishment ot 
the reserves sufficient for a hundred 
vears even at the present rate of con 
sumption and neglecting those now con 


Spurred by this, Govern 


began 


core drilling. These 


sidered uneconomical such as the poly- 
halite deposits. 


Geology 


The potash deposits of New Mexico 
and West Texas are located in the 
Permian Basin of the Southwest Mid 
Continent The geology of this 
many of the 


area 


region is complex and 


problems remain unsolved, in spite ot 
intensive work by petroleum geologists 
and others who are interested in the 
stratigraphy and occurrence of the pot 
ash and magnesium salts 

Probably the greatest Permian record 
in the United 
States—occurs in West Texas 
Southeast New Mexico, where Permian 
strata total about 14,000 ft 


This area was a basin which was occu 


world—certainly the 


and 
in thickness 
pied most of the time by a seaway which 


Mexico and 
converged from the 


entered through toward 


which drainage 
and from what is now 
the Rocky Mountain Region. Within 
this major depression, known as the 


(juadalupe Basin, there were two sub 


eastern 
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Aerial View Potash Co. of America Refinery. 
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aml rapidly sinking areas, the 
Delaware Basin im Trans-Pecos 


Southeast New 


suhary 
Texas 
and the 
Texas 


and Mexico 


Midland Basin of West-Central 
The Delaware Basin is a pear-shaped 


15,000 
miles. It portions of Eddy 
south as the Glass Moun- 


occupying approximately 
covers 
extends as fat 
tains m Brewster County, Tex 

During the sinking of these subsidiary 
basins the of the Mid-Conti 


pent emerging into lowlands 


remamder 
Area was 
the climate became mecreasmgly arid and 
local conditions im the 


Ba 


Permian 


gave to excep 


ronal deposition bexcessive 


vaporation was matched by a steady 


ow of the marine water from the basim 


tts borderme shallow 
Thies 


limestone along the 


iringe 


caused excessive deposition of 


margins ot the 


R er Flotation Cells in U 
leaner Flotation Cells in 
International Minerals & 


Background. 
oreground. 
Chem. Corp. 


Basin 
warmed and began to suffer concentra 


Delaware where the water was 


tion. The result was the growth of reef 
like limey banks of algal origin between 
vast marginal 
The marginal lagoons tended 


the deeper basin and the 
lagoons 
to become salt pans in which red muds 
from surrounding lands settled to inter 
tongue with deposits of gypsum, anhy 
drite and salt. Nearly 
was accumulated over the reef areas and 
dark dark silty 


sandstones were deposited in the deeper 


pure limestone 


shales limestone and 


waters of the basin. Thus, in this region 


the Permian strata of any given time 


commonly present three distinct faces 


(slabby 
salt and red beds) 


one of the lagoonal deposits 


limestone, gypsum 
one of the massive reet lymestone, and a 
third of strata 


grading locally into the other with aston 


normal marine each 


ishing rapulity 


Finally, during the last epoch of the 
period, the marine water shrank within 
the Delaware Basin, which became a 
dead sea, almost completely surrounded 
by a reef, and vast quantities of anhy- 
drite and salt were deposited. Red muds 
from the surrounding desert 
then washed in and filled the basin and 
these formed the final Permian strata. 
In the center of this basin in the south 
east corner of New Mexico, deep wells 


wastes 


have revealed some 4000 ft. of salt, an- 
hydrite and red beds above the youngest 
of the fossiliferous marine sediments 
These constitute the Ochoa series of the 
Permian and include the chief potash 
salt deposits of the Western Hemuis- 
phere. Thus the present concern is with 
the evolution and current condition of a 
fossil sea, and as the mine openings ad- 
vance one is permitted to visualize in 
part the sequence of winds and storms 
aml calms, the elevation and subsidence 
of the basin floor and the periodic fresh- 
ening and concentration of tts contained 
waters. 

The principal nonpotash gangue min- 
erals are halite (NaCl), anhydrite 
(CaSO,), gypsum (CaSO,-2H,0O) and 
kieserite (MgSO,-H,O). The 
sion of beds vary widely in appearance 


succes 
through the section. In places several 
feet of clear white to pink salt have been 
precipitated. At levels the 
are mixed layers of 
clay at intervals of 1-3 in. apart, while 
at still other levels beds up to 3 ft. in 
thickness are predominantly of clay im 
pregnated with salt crystals 

The potash deposits now being mined 
are at the northernmost end of the Dela 
ware Basin about 20 miles east of Carls 
bad. The 


products of the last stages of evapora 


other bed. 


with wind-blown 


potassium munerals are the 
tion; consequently the horizons at which 
they occur are found in the upper salt 
strata. The top of the salt is 
400-500 ft 


of red shales and sands interbedded with 


under 


of permian beds consisting 


anhydrite, gypsum and limestone. Sev 


Fig. 1 
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Flow Sheet of Potassium Chloride and Potassium Sulfate Process. Refined K.SO, and ® 


October, 1950 


| 
REFINED PROCESS 

Page 524 ( 


eral water horizons occur in these beds 
which must be sealed off in the mine 
shafts. The bittern salts are interbedded 
with halite intervals of 
about 50 ft. The uppermost bed is found 
at about 7M) ft the surface and 
contams carnallite. In the southernmost 
part of the International's 
ground, langbeinite and 
mixed langbeinite-sylvinite are found at 
800 and 850 ft. respectively, the former 
being the only known commercial occur- 
rence in the United States. At 900 ft. 
a stratum of found. The 
stratigraphic sequence of these beds in- 


and occur at 


below 


field on 


two beds of 


sylvite is 


dicates that the cycle of deposition was 
periodically interrupted and renewed 
However, the order in which the bittern 
salts occur follows a normal path pre 
dictable from available solubility data. 


Mining 
The first mining in the district was 
by U.S. Potash Co. in 1931. Production 
was at the rate of 200 tons/day and the 
trucked to Carlsbad to be 
shipped as manure salt. Mining methods 
used were those common in metal min 
ing practice. 
Potash Company of 


ore Was 


America began 
producing early in 1934, also at a rate 
of 200 tons/day. This 
managed by men who had a coal-mining 


company, Was 


hackground and so coal-mining method 
were instituted 

International Minerals & Chemica! 
Corp. began mining in 1940 using coal 
mining methods with the operation en- 
tirely mechanized. The undercutting and 
drilling othet 
mines was supplemented by caterpillar 


machinery used by the 
mounted conveyor-type loaders and rub 
ber-tired shuttle 


face to the mine cars 


double-trolley cars to 
move ore from the 

Mine faces are undercut to a depth ot 
u it This allows the blast to make a 
clean break at top and 
provides a smooth floor tor further ad 


sides and also 


vance into the seam 


Drilling is done with post-mounted 
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Reaction Tanks Equipped With Turbo-Agitators. 
International Mincrals & Chem. Corp. 


electrically driven auger bits. The holes 
are usually in vertical rows 4 ft. apart, 
each row containing 3, 4 or 5 holes de 
pending on the height of face 

Blasting is done at the end of each 
shift at International. Primers are made 
up underground and powder and primers 
are hauled from underground magazines 
to the faces in insulated cars with insu 
lated couplings. Powder consumption is 
3 to 5 times that required for coal, aver 
aging .75 tb./ton of ore. The shooting 
cireuit is 200 vy. ac. taken off the trans 
former serving the section with power 
but through a separate blasting line hav 
ing locked switch boxes 

Most of the 
caterpillar-mounted conveyor -type load 


loading is done with 


ers into shuttle cars which convey the 


tte 


ore to the main track line where from 
a tamp or through an elevating conveyor 
it enters the mine cars. Shuttle cars may 
be either trolley or battery type. Double 
trolley cars of 1l-ton capacity are used 
at International to make hauls up to 2500 
ft. with little loss in loading efficiency 

Main line haulage is with trolley loco 
These 
range in weight up to 20 tons and can 


motives on rails, locomotives 
haul a substantial tonnage of ore in one 
train. The ore is carried to the foot of 
the shaft where the cars are dumped by 
Uncoupling is unneces 
sary since the cars are equipped with 


a rotary dump 


swivel couplings 
Under the dump is a bopper and pan 


feeder which feeds a sengle roll tooth 


crusher. In passing throngh the crusher, 


act 
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Flow Sheet of Potassium Chloride and Potassium Sulfate Process, Refined KCl, International Minerals & Chemical Corp. 
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Fig. 2. Block Flow Diagram of Refinery. 
Potash Co. of America. 
ore us reduced to 5 in. maximum size and lighted. Ample headroom 1s pro 


and tall 
itt 
automat 


into a skip pocket from which 
loaded into 5.ton capacity skips by 


skip loaders tor elevation to 


the surtace. Two skips run in balance 
on the hort and the horsting-dumping 
evele averages just more than a minute 

Transtormers and generators for sup 


plying power are located in underground 
substations All 


per tormed 


ordinary repairs are 


well equipped shops 


carved out of the ore on the working 
level 

These operations are carried out un 
der taverable comlitions almost unl 


liewable to those tamuliar only with coal 


The 


ground area ts clean, dry 


or hard-reck mining entire under 


well ventilated 
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vided for men and equipment. The tem- 
perature is relatively constant the year 
round at about 75° F. and the variable 
coloring and reflecting power of the ore 
make the workings a truly beautiful 


sight 


Refining 


Although all three Carlsbad 


tions turn out similar end products from 


opera 


imilar raw materials, the methods are 


distinctly different 


Refining-Sylite. The oldest producer 
Lmited States Potash Co, located its 
refinery on the Pecos River, some 13 
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miles west of its mine. At the mine 
site the ore is crushed and screened. A por- 
tion of one fraction is taken off for direct 
shipment to market as so-called manure salt 
The remainder is split with one portion 
reserved for processing at the refinery and 
the other concentrated at the mine site. This 
concentration is an operation in which the 
ore is washed to remove slime, conditioned 
with reagents to offset the small difference 
in gravity between the potassium chloride 
and sodium chloride and then tabled. The 
lighter, reagentized potassium chloride 
moves across the table riffies, while the 
heavier sodium chloride is removed at the 
end of the table. The solid tails are sepa- 
rated from the brine in a drag classifier and 
sent to a tailings dump. The solid product 
averaging 50% K,O (80% KC)1) is likewise 
removed by a drag and then dried for final 
shipment. Brine from both classifiers is 
combined, clarified by thickening for mud 
removal and then returned to the head end 
of the process 

All three solid products, the manure salts, 
the 50% granular material and the largest 
portion, that designed for processing in the 
refinery, are carried to the refinery on a 
narrow gauge railroad owned by the com 


pany At the refinery the granular and 
manure salts are stored for shipment t 
market. The remaining ore is subjected t 


a selective solution-crystallization 


chloride 


process 
producing averaging 


about 99% 


potassium 


Kasis for the process is the difference in 
temperature-solubility relationship betweer 
the two main constituents of the ore potas 
chlorides. In 
saturated with both salts, the solubility of 
potassium chloride increases rapidly with 
the temperature while that of sodium 
chloride remains virtually constant. A cool 
solution saturated with both salts is heated 
im the the coolers and 
then further with exhaust steam from the 
power plant 

The hot brine, still nearly saturated in 
respect to sodium chloride and in the pres 
ence of potassium chloride, is fed into a 
continuous dissolving system, in which ore 
is carried countercurrent to the flow of hot 
brine. The potassium chloride and a small 
portion of the sodium chloride are dissolved 
leaving the bulk of chloride un 
affected. The pulp is dewatered with classi 
fier and continuous centrifugal equipment 
and the solid tails rejected. The hot brine 
is clarified to remove clays and slime in 
insulated heat-retaining thickener equip 
ment, and the underflow clay is freed of 
residual potassium chloride by processing in 
countercurrent decantation units, after 
which the mud is discharged along with the 
salt tailings. The hot brine from the thick 
eners is pumped in a continuous flow 
through vacuum crystallizers. The potas- 
sium chloride, crystallized out in this step 
is separated from the brine and dried on 
top feed rotary filters, and either loaded 
direct for shipment or sent to storage. The 
brine filtrate is reheated and returned to 
the head of the process as described prev. ‘ 
rously 


suum and sodium solutions 


condensing coils of 


sodium 


The Potash Company of America was 
the first to apply a flotation process to 
the beneticiation of soluble potash salts 
on a commercial scale (1) 
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Its refining plant is located at the mine 
site. Ore from the mine is crushed to size 
and screened. As at the United States 
Potash Co., a portion of the screened ma- 
terial is shipped directly to market as 
manure salt. The remainder is further sized 
in a hammer mill and then pulped with 
brine and milled in a ball mill. The pulp 
is then classified in spiral classifiers, the 
underflow returned to the grinding circuit 
and the properly sized pulp reagentized for 
froth flotation. In the search for flotation 
agents, some were found excellently selec 
tive m respect to sodium chloride from a 
pulp containing the two salts and the Potash 
Company of America process was designed 
to take advantage of these developments 
The reagentized pulp goes through a series 
of flotation cells in which air is introduced 
at the bottom im such a manner as to form 
a small bubble froth. This air may be from 
an outside source, from the agitators or 
both. The filmed sodium chloride particles 
are picked up and carried to the surface in 
the froth which is automatically and con 
tinuously scraped off. The underflow is 
classified and the sands are dewatered on 
vacuum filters and dried in rotary driers to 
produce standard 60% muriate. The classi- 
fers overflow is thickened, the overflow 
brine returned to the circuit and the under Bird Contin Solid Bow! Centrifugals in Foreground and Vacuum Crystallizers 
tlow filtered. The filter cake serves as feed . 
for two processes. In one, similar to flak- in Background. 
ing operations, the cake is melted in a re- International Minerals & Chem. Corp. 
verboratory furnace and then flowed onto a 
large horizontal disc-type cooler from 
which it is continuously scraped in granu 
lar particles. The remainder of the cake is 
redissolved and recrystallized to produce a 
chemical grade of potassium chloride 
analyzing 99.9%. The regular and granular 
muriate products average about 97% potas 
sium chloride 

Some potash is floated along with the -10 Mesh Manure Salts 
salt. The tailings pulp is therefore heated 
slightly in tanks equipped with coils and Mesh Ore 8 - 16 Mesh Ore 
agitators. Hleat is supplied to the coils in 
hot water from the jackets of the diesels 
supplying power to the plant. The potash 
is dissolved, the pulp filtered and the solid 
salt sent to the dump. The brine is then 
cooled in tanks similar to those just ce 
scribed but with water from the cooling 
tower in the coils. The potash crystallizes 
out and is recovered in the thickener sup 
plying feed to the granular and crystallizer 


steps 


International Minerals & Chemical HOT 


Corp. 1 arkets no crushed ore as manure BRINE 
THICKENERS 


salts. In addition to 50° granular and 
00% regular grade KCI it produces 


Sul-Po-Mag, potassium sulfate und 
999% chemical grade KCl. Sul-Po 
Mag is a registered trade mark for the 
double salt potassium magnesium sul 
tate. 


Langbeinite ore from the 800-it. level and 
sylvinrte from the 900-ft. level are brought 
to the surface on different schedules of the 
same hoist. Dumped into adjacent bins they 
are then kept separate in subsequent proc DRY REFINED 
essing until a portion of each is used in the MURIATE 
production of potassium sulfate PRODUCT 


rhe sylvinite ore is reduced in a circuit . . Pl ; 
consisting of crushers, screens and hammer Fig. 3. Block Flow Diagram of Granular e Refinery 
mills to produce a minus 6-mesh product U. S. Potash Co. 
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which goes to the flotation section and an 
intermediate fraction which feeds the tables 
This latter fraction is scalped out of the 
run of mine ore, thus relieving the crushing 
section of this tonnage. In both crushing 
circuits operating variables are controlled 
as well as possible to keep size limits at a 

(-) minimum 
The table feed is pulped with saturated 
brine and deslimed in a rake classifier. The 
brine is returned to the main brine system 
for clarification and reuse. The deslimed 
feed is then reagentized im a rotary mixer 
and the sodium chloride and potassium 
chloride separated as described earlier in the 
discussion on the United States Potash 
Company methods. The granular concen 
trate is deliquored on a drag classifier, dried 
in a rotary drier and sent to storage. The 
product averages 50% KO and is produced 
primarily for direct application as a ferti! 
izer where large particle size is desired, The 
table tails are dewatered in a centrifuge and 


Dorr 
lassifier| 


borr 
—s slassifier sold for use as a stock salt 
Flotation The flotation feed is pulped with a 
aa potassium chloride-sodium chloride satu 
rated brine and classified in two Dorr 
- classifiers. The overflow is suitable for 
Dorr 
.—— Classifie flotation after desliming which is accom 
plished im hydroseparators. The overflow 
of the hydroseparator is thickened, the 
slimes filtered and discarded and the clear 
brine returned to storage for reuse 
The rake discharge of the classifiers is 
Bird reduced in rod mills and then joins the 
entrifuge| hydroseparator underflow as suitable flota 
tion feed 


one 


wen 


en International developed its flotation 
—Po-Va, process around reagents selected in re 
spect to potassium chloride, which could 
then be floated free of the sodium chlor 
ide im the original ore. It has been estab- 
lished that the crystals of the two salts 
ire reasonably well unlocked when 
crushed to 14 mesh and the subsequent 
problem involves only separating the 
two distinct crystalline materials 
The flotation section is conventional in 


Fig. 4. Block Flow Diagram of Refinery. 
International Minerals & Chem. Corp. 


its general arrangement. However, the 
design of the equipment, the reagents 
used and the method of controlling 


operating variables represent several 
vears’ intensive development work by th 
company's metallurgists 

As a result, the plant successfully 
floats off approximately 98% of the syl- 
vite content of the ore. This efficiency, 
applied to a process involving two ma 
terials so nearly alike physically as 
sodium chloride and potassium chloride, 
handling them in water, in which both 
are readily soluble. and separating them 
without recourse to solution methods is 


i respectable accomplishment 


The concentrate from the flotation « 

ms centrifuged, dried and sent te sto 
he centrifuge filtrate is treated m thick 
eners to remove suspended solids and the 

orine sent to storage tor reuse 

The flotation tails are likewise thickened 
the underflow filtered to remove the sodium 
Drilling Mine Face Using Jeffrey A-6 Post-Mounted Electric Drills. chloride which is discarded, and the over 
International Minerals & Chem. Corp. flow returned to the brine storage reservoir 
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of 
Potash 
=. 
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together with the filtrate and thickener 
overflow from the potassium chloride de- 
watering step. 


Refining—Langbeinite. The benefi- 
ciation of the langbeinite ore does not 
present a serious problem. International 
has been successful in the development 
of an efficient fresh-water 
process in which the chloride gangue 
salts are dissolved away to leave residual 
langbeimite. Although langbeinite is 
soluble, the rate at which it dissolves is 
This rate, coupled with the 
relatively high rate for the gangue salts 
furnishes the basis for the process 


washing 


le k mm 


Since langbeinite is a soluble salt, its 
extraction efthciency im a fresh-water 
washing process is a function of the 
rapidity with which the wash is accom- 
plished. The salt content of the rejected 
wash water is also a function of process- 
ing time, and therefore optimum perfor- 
mance ts obtained only after a delicate 
balance is reached between water 
sumption, equipment capacity, and ex 
traction efhcrency 

International 


con- 


utilizes a continuous 
countercurrent washing process which 
gives maximum solution of the gangue 
salts in minimum contact time. 

Briefly the process consists of the fol 
lowing steps 


Mine run ore 1s dry-crushed by Jeffrey 
hammer mills operating im closed circuit 
with vibrating screens. The crushed ore is 


then screened to make a separation at 10 
mesh, The plus 10-mesh material is sent 
to a washing tumbler where it is pulped 
with a portion of the wash water. The 
tumbler discharge is mixed with the minus 
10-mesh fraction and the balance of the 
wash water and is pumped to the first of 


two Dorr classifiers operating in series. The 
feed water is added to the second classifier 
with the sands from the first unit. The 
overflow from the second classifier flows by 
gravity to the washing tumbler and then is 
pumped to the first classifier with the new 


feed. The overflow from this classifier is 
treated in a cyclone for removal of sus 
pended fines and is rejected as waste. The 


liquor rejected from the section analyzes 
above 20% NaCl whereas the residual solid 
phase analyzes from % to 98% langbheinit 

The solids are centrifuged and dried to be 

come finished products 


Chloride 
In addition to the metallurgical 


Potassium and Potassium 
Sulfate 
henefaction of potash ores, International 
produces a chemical grade potassium 
purity ot 
9+ KCl and an improved grade po 


K.SO, 


chloride having a minimum 
tassium sulfate analyzing 95% 
minimum 

Production of potash chemicals made 
directly or indirectly by the electrolysis 
of potassium chloride requires or at least 
benefits by high potassium chloride pur- 
ity. The removal of impurities, particu- 
larly the metals, iron, calcium and mag- 
sulfate radical which 


nesium and the 
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have noticeable effect on efficiency, elec- 
trode life and product purity, has been 
made economically possible at Carlsbad 
by taking advantage of existing large 
tonnage operations producing muriate ot 
potash (60% K,O or 95% KCl) and in- 
tegration with the production of sulfate 
of potash (52% K,O or 95% K,SO,) 

The process is simple both in concept 
and design, involving only a single re 
crystallization step utilizing as a raw 
material the high grade (60° K,O or 
95° KCl) muriate of potash and re 
cycling approximately 90% of the solu- 
ble this 
material back to the refinery brine cir- 


impurities contained in raw 


cuit. The balance of the impurities is 
eliminated by combining the potassium 
chloride process with a new process for 
the production of potassium sulfate 
This 
uses the total potassium chloride mother 


new potassium sulfate process 


liquor as raw material and is a modifica- 
The 


new process is more efficient, utilizes the 


tion of the previous sulfate process 


same type of equipment and is ingen- 
with the potassium 
chloride process to the benefit of both 


iously combined 


Potassium Chloride Process. The raw 
material (muriate of potash 60% KO) is 
cut from the refinery stream after it has 
been centrifuged but prior to drying. The 


solid 


recychk 


muriate of potash is repulped with 
brine to permit easy transfer to the 
chemical plant and to dissolve part of the 
soluble impurities eliminated in 
the early process by continu 


These are 
stage of the 
ously bleeding the repulp circuit into the 
main flotation plant brine circuit where the 
potash values in the bleed can be recovered 

The muriate is separated from the recycle 
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Aerial View U. S. Potash Co. Refinery, Carlsbad, N. M. 


brine by a Bird continuous solid bow! cet 
trifugal. The muriate cake is repulped 
fresh water and solution ts accomplished i 
an Ozark-Mahoning submerged 
unit, the ratio of muriate to water bein 
automatically controlled to produce a solu 
tion saturated at 4° C. below the 
operating temperature 


heate 


Following solution of the muriate the in 
soluble impurities are coagulated wit 
starch in a Dorr Clariflocculator to produc 
a slime overflow. The underflow i 
treated for maximum recovery of potassiu 
chloride values in a Dorr three-compart 
ment tray washer, the overflow containin 
the potassium chloride values being by 
passed to the potassium sulfate process, tl 
underflow is discarded 


Iree 


Crystallization of approximately or 
third of the potassium chloride in the liquor 
is effected by means of a two-stage vacuung 
crystallizer hot clarified liquor 
to 25° C. Vacuums of 2.5 in. Hg and 0.7 in.® 
Hg are maintained by multistage steam jet 
ejectors, barometric jet 


cooling the 


boosters, and 


ejectors 


The potassium chloride crystals are sepa 
rated from the mother liquor by a Bird con 
tinuous centrifugal and given a displace- 
ment water wash in the same operation, The 
centrifugal cake is dried to less than 0.1% 
dryer. The 
dried product is dispatched by air conveyor 
to the 

The potassium chloride mother liquor 
containing the balance of the soluble impur- 
ities plus wash water is transferred to the 


m a countercurrent 


storage silo 


potassium sulfate process where full recov- 
ery is credited 


This total bleed eliminates 
the possibility of product contamination 
through build-up of insoluble impurities 

The purity of the solid phase potassium 
chloride produced is, of dependent 
upon the concentration of impurities in the 
mother liquor and its effective separation 
and displacement wash in the final Bird 
centrifugal. This is particularly true of 


course, 
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both sodium and magnesium sulfate, how- 
ever, sodiam chloride is always present and 
the ratio of sodium chloride to potassium 
chloride is dependent upon the sodium 
chloride concentration of the process brines, 
approximately 25% of the sodium chloride 
contammation in the potassium chlorwle 
produced by International is attributed to 
this isomorphic crystallization. The pres 
ence of bromine is attributed also to this 
same phenomena here, however, tmomorphuc 
crystallization accounts for almost 100% of 
the bromine contamination. The only con 
taminating salt stable at iow concentrations 
is synginite (CaSO. This 
salt appears whenever the calcium concen 
tration of the process liquors is allowed to 
mecrease 


Potasswem Sulfate Process. This process 


involves the reaction of liquid and solid 
phases in the reciprocal salt pair system 
magnesium chlorite potasstum  sultate 


water. The phase reactions afe complicated 
and can be thoroughly understood only in 
the light of certain solubility data. Sole 
bility data on this system have been ob 
tained independently by D' Ans, Van't Hoff 
mi others, and check within 
mits 


reasonable 


On slurrying 60% muriate, ground lang 
beinite, mixed from the 
am? water m the proper 
sulfate crystallizes until leonte 
comes stal This phase 
presented by the following equations 


salts recovery 


reaction tt re 


2MeSO), + 4KCl- 
thLSO, + 


+ Mell, + 


Ir rder to crystallize the 
saritity 


Tha 
weight of water 


ed, the lnquor (potassium sulfate mother 
wor) must be with potassiur 
whe rl MgSO, 
\iter allowme sufherent time tor the 
thm wrth the 
le um! potas 
eparat ir the 
bred 
tr t ve wporated to a 
point gt t re 
t at it hum 
nk 
t at t 1 
ta ta ‘> 
| t at nt ‘ taming 
lang witte armed ta 
beimite t tt li Rreient 
water eva ted t lang 
bre ‘ uu t wres ! 
cvVaporat bye rted ¢ 
(ACT MeSO possible phase 
reacthe t t " rite! byw 
the tol ‘ w« t 
Ki 
Meso), Mat 
K.SO. 2MgSO, + KCl + 
MgSO. 3HLO + 
4) 


K,SO,- 2MgSO, + KC] + 
MgCl + 9HO SKCI- MgSO. 3HO 
(5) 


It is doubtful if the sodium chloride con 
centration of the mother liquor will be sufh 
cently low to permit evaporation to a pomt 
where reaction No. 5 will occur. The cooled 
slurry will contam leonite from reaction 

© 3 and possibly kainite from reaction 
No. 4 

After the mother liquor has been evap 
orated and cooled, the mixed salts (pre 
dominantly potassium chloride with some 
leonite and possibly kainite) are separated 
from the liquor and recycled to the reaction 
suitable for the pro- 
duction of potassium sulfate 

The liquor above separation, 
containing the sodium chloride imtreduced 
as an impurity im the new feeds and the 
magnesium chloride formed im the reaction 
step, is rejected from the process 


step These salts are 


from the 


Sodium chloride, present in the new 
feeds potassium 
recovery in the following manner 


limits the process 


1. The magnesium radical concentra 
tion at which potassium sulfate 1s 
stable is reduced by sodium chlor 
ide The potassium recovery 
in the reaction step is therefore re 
duced 


2. The 
he evaporated in the recovery step 
chloride 


recovery in 


amount of water which can 


is reduced by sodium 
Since the 


this step depends on the quantity 


potassium 


evaporate 1, the recov 


salts 


ot water 


ery of potassium as mixed 


. also reduced 


An increase of two moles of sodium 


chloride (60 per 14) moles ot 
water reduces the process potassium 
recovery from 88.8% to 86.7% The 
lecrease in step recovery im both 
teps can result only in a reduced overt 
al proce potassium recovery There 


chloride content of 


ingbeinite and potas 
ust be controlled at the 


ntroduced into the re 


tep potassiu recovery Llowever 
the ver-al recovery 
not appreciably affected nee by u 


reasing evaporation to compensate for 
the recycled reject quor, the major 
proportion of the potassium values lost 


n the reaction step can be recovered in 


the evaporation-cryst allization step 
In the producti potassium sulfate 
at International the raw m rials: mother 
hquer from the potassium chloride process 
nebeinite are reacted 
slong with mixed salts (principally potas 
ium chloride and leonite recovered m a 


thsequent evaporation-crystallization step >} 


im four interconnected reaction tanks m of 
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der to minimize short-circuiting and to pro- 
vide necessary retention time tor complete 
reaction. In order to keep the processing 
time within practical limits Raymond mills 
are used to reduce the langbeimite feed to 
O8%-200 mesh and all reaction tanks are 
equipped with Turbo-Agitators. For opti- 
mum recovery the quantities of raw mater- 
ials are controlled so that the mother liquor, 
after reaction, is almost saturated with 
respect to potassium chloride and leonite 

Bird continuous centrifugals are used to 
separate the crystallized potassium sulfate 
from the mother liquor. The wet cake is 
dried and conveyed to storage 

The mother hquor nearly saturated with 
potassium sulfate, potassium chloride and 
leonite is concentrated by evaporating to 
approximately 67% of its origmal weight 
in three interconnected Ozark-Mahoning 
submerged combustion evaporators. Evapo- 
ration to the desired point, dependent upon 
the sodium chloride concentration of the 
mother liquor, is controlled by maintaining 
a constant boiling-point rise 

The hot slurry discharged from the 
evaporators is cooled to 30°C. in a two 
stage vacuum crystallizer. Additional po 
tassium chloride crystallizes, and langbein 
ite formed in the evaporation step, being 
unstable in the presence of potassium chlor 
ide below 63° C., reacts to form leonite 


2(K,SO.2Me¢eS0,) + 2KC) + 12H,0— 
3(K,SO.- MgSO,-4H,O) + MeCl, 
(6) 


An Oliver rotary vacuum filter in closed 
cireuit with a Dorr thickener is used for 
the separation of the solids from the dis 
The solids from the filter 
conveyed by belt con 
veyor to the reaction step and the thickener 
werflow, a fairly concentrated magnesium 


charged slurry 
(mixed salts) are 


chloride solution containing a small amount 
{ the potash values in the feed, is rejected 


rom the process 


This 


vividly 


story of the potash industry 


illustrates the rapid progress 
possible with the intelligent correlation 
ind cooperation of scientific specialists 
It is stull going forward: Geologists and 
geophysicists are still inaproving meth 
ods for locating new sources of ore and 
more wccurately 


estimating existing 


hodies. Mining engineers are constantly 
developing new machines and techniques 


tor removal of ore trom the earth. The 


retallurs ts, the chemical engineers and 
the chemists are providing new equip 
ment, new materials and new appli i 


thon to contimue this forward progre 


ut a rat 
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CONDENSATION ON VERTICAL 
FINNED TUBES 


ALLAN V. FORBES? and K. O. BEATTY, JR. 
North Carolina State College, Raleigh, North Carolina 


Heat-transfer coefficients for condensation of methanol and trichlor- 
ethylene have been measured by the Wilson method both using 5%-in. 
diameter tubes with ',,-in. high spiral fins, and using 34-in. plain tubes 
in a vertical position. Tube lengths of 18 in., 36 in. and 48 in., and tem- 
perature differences of from 30° F. to 118° F. were employed. Results 
showed that the effects of fluid properties, tube length, and temperature 
difference were the same for the finned tubes as for the plain tubes. Con- 
sequently a Nusselt-type equation can be used for finned tubes with a 
coefficient of 0.725 instead of the 1.10 recommended for plain tubes. This 
reduction in coefficient per square foot of surface is more than offset by 
the increased area with the result that over-all coefficients for finned 
tubes are about 50°. higher than for plain tubes. It is concluded that 
finned tubes may be used in vertical tube condensers with considerable 
economy in size of unit, or alternatively a gain in capacity. 


HE high thermal 
countered in the 


resistance en- 
condensation of 
many nonaqueous fluids suggests the use 
of extended surfaces 
vapor 


(i.e., fins) on the 


side. Tubes with spiral fins on 
the outside have been used with success 
in horizontal tube condensers. Data (3) 
have been presented showing that con- 
densing film coefficients for such tubes 
may be predicted with the usual Nusselt- 
type equation by use of an appropriate 
diameter factor. Finned tubes 
also be expected to be of advantage in 
vertical tube condensers. However, use 
of tubes with spiral fins of low pitch 
does question of possible 
blanketing of the fin area by the con 
densate. On the other hand, results 
gathered on horizontal tubes gave no 
evidence of loss of efficiency because of 


would 


raise the 


bridging of liquid between the fins even 
though such bridging was clearly visible 

The present work was undertaken to 
determine the effects of length, of tem 
perature difference, and of fluid proper 
ties on the heat-transfer coefficients for 
the outside 


condensation of vapors on 


of vertical tubes with spiral fins 


Scope of Investigation 


The usual equations for condensation 
of vapors on vertical tubes predict that 


Nore: Table A—Summary of Experi 
mental Data is on file (Document 2916) 
with American Documentation Institute, 
1719 N St.. Northwest, Washington, D. C 
Microfilm obtainable by remitting SO cents 
and photoprints $1.40. 

+ Present address: Standard 
pany of Ohio (Cleveland). 


Oil Com- 
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the coefficient should be a function of 
the thermal conductivity, latent heat of 
vaporization, density, and the viscosity 
of the condensate. In addition they 
predict that the coefficient shall be in- 
versely proportional to the one-fourth 
power of the tube length and of the 
temperature difference across the film of 
condensate 

Variation in appropriate properties of 
the common nonaqueous materials is not 
Methanol and_ trichlorethylene 
were chosen as the fluids to use since 


great 


their properties were such as to predict 
a ratio of coefficients of approximately 
1.5:1 under similar conditions of length 
and temperature difference 

lf the length and the temperature 
difference enter as the one-fourth power, 
considerable variation in these values is 
necessary to produce much change in 
the coefficient. Practical considerations 
dictated a range of length of from 18 in 
to 48 in., a ratio sufficient to produce a 
1.28 to 1 variation in predicted coefh- 
cient. The temperature difference used 
varied from a minimum of 30° F. to a 
maximum of 118° F., sufficient to give 
a 1.4 to 1 ratio of coefficients. Range of 
variables covered is given in Table 1 
Thermal properties of the fluids used 
are given in Table 2 

The finned tubes used were of copper 
and all substantially of the same dimen- 
sions except for length. They had an 
integral fin with a pitch of about 1/16 
in. The root diameter of the tube was 
about %& in. In order that accurate 
comparisons could be made, data were 
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taken under the same range of condi- 
tions using plain copper tubes 34 in. 
O.D. Some efforts were made to deter- 
mine the effect of the use of a longi 
tudinal groove on one side of the finned 
tube. It was thought such a groove 
might a condensate drain to 
prevent blanketing of the lower portion 
of the tube. Since only a single type 
groove was used, the data obtained 
inconclusive but are included for th 
general mterest. 


serve as 


tubes tested a 
General appearar 
the photograph 


Dimensions of all 
given in Table 3. 
may be 
Figure 1. 


seen 


Theory 


rhe nature of a finned tube prec! 
determination of condensing film coe 
cients by any of the procedures whi 
involve direct measurement of tube s 
temperature. The extrapolati 
method suggested by Wilson (16) is 
convenient procedure and has been 
ployed successfully before with finn 
tubes (3). For these reasons it w 
The basic principle c« 
sists of making a series of measur 
ments of over-all thermal resistance b 
tween the water on the inside of t 
tube and the condensing vapor at s 
increasing water velocities) 
By appropriate plotting of the data, the 
results may be extrapolated to infinite 
water velocity at which point the total 
thermal resistance consists of the con- 
densing film and the tube wall. The 
tube-wall resistance may be calculated 
from conduction theory and the con- 
densing-film resistance determined by 
difference. Methods of calculation have 
been explained in detail in a number of 
publications (3, 7, 10, 14, 16). 


tace 


chosen here. 


cessively 


It was pointed out in a previous pub- 
lication (3) that the common conditions 
of condensation are not those specified 
for the usual interpretations of the 
Wilson-type plot. The principle requires 
that all coefficients (i.c., thermal resis- 
tances) be held constant except those 
on the water side. Since increasing 
water rate increases condensation rate, 
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CONDENSERS 


WATER LINES 
VAPOR LINES 
—— CONDENSATE 


AUOLIARY 


Condensate 
BOILER 


1. Photograph Showing Typical Appearance of ig. 2. Diagram of Condenser Setup. 
Tubes Tested 

Tube at left shows longitudinal groove of 
Tube 6, Table 3. 


ther tactors bemg equal, the conden ipparatus trance and extended up the inside of the 
him coethcient does not remain pipe to reduce impingement of vapor on the 
The apparatus used in this investigation — tubx Excess vapor was continuously 
ts shown diagrammatically in Figure 2 and = purged from the top of the condensing 
a general view of the equipment is shown section through two in. copper lines to 
ited as the resistance of the conden in the photograph in Figure 3. The con prevent any possible accumulation of non- 
te film plus the tube wall, the slope denser tube itself was placed vertically in condensables in the main chamber. These 
the center of a standard 4-in. pyrex glass excess vapors were passed into an auxiliary 
mpe Vapor was admitted to the annular condenser, the condensate from which 
space between the tube and the glass pipe, could be continuously observed as a meas 
may be reasoned, and the data sub while water was circulated through the ure of the rate of purging 
antiate this, that the slope of the lines tube. The vapor was generated in a hori Condensate from the principal condenser 
zontal tube boiler and entered the conden tube itself passed through a hole in the 
sing section through a 4-in. glass tee at bottom tube sheet and through a calibrated 
the bottom of the section. A perforated rotameter. The metered condensate was 
copper baffle plate was placed over the en returned to a storage reservoir and from 
there to the boiler. A cylindrical cup pre 
vented condensate formed on the walls of 
the glass pipe from mixing with condensate 
formed on the condenser tube itself 
op Water for the condenser was pumped 
no OD y from a 25-gal. open mixing tank through a 
wngitudinal groove calibrated rotameter down through the 
condenser tube and back to the mixing 
tank. Cold make-up water was added in 
the mixing tank and excess*allowed to over 
flow continuously. Since rise in tempera 
ture through the tube was relatively small, 
this procedure permitted operation at any 
desired average water temperature 
Inlet and outlet water temperatures t 
the condenser tube were measured with 
calibrated mercury-in-glass thermometers 
0-50" C. range with 0.1° C. graduations 
Che upper inlet thermometer was in a ver- 
tical position; the lower outlet thermometer 
was hortvontal. Occasional checks madk 
under conditions of no heat load showed a 
temperature difference error of less than 
O.OL® ¢ An air stream blowing across the 
emergent stems of the thermometers kept 
the difference in correction on the two 
therm meters to a minimum 


mstant The result is that ilthouwh 
Mm intercept of the plot ts correctly 


f the line ts not the constant of the 


ater tlm coefhcrent equation. Indeed 


tamed when condensing on vertical 
bes will vary with the over-all temper 
ure difference 


TABLE 1 RANGE OF VARIABLES USED IN MEASUREMENT OF CONDENSATION 
COPRPPFICIE NTS ON VERTICAL TUBES 


Vapor temperatures were taken with 
calibrated thermocouples to an estimated 
accuracy of the order of 0.02° F. Thermo 
couples junctions were placed in the vapor 
line to the condenser, and at 13-in. intervals 
m the vapor space in the condenser. Jun 
were dipped in porcelain cement t 
prevent corrosion \ thermocouple was 
also located in the condensate return line 
to measure subcooling. Drierite tubes were 
attached to all open ends of the vapor side 
to prevent imspiration of water vapor from 
the atmosphere and thus cause dilution of 
the methanol or hydrolysis of the trichlor 
cthvlene 


‘ 
4 4 =. z CONDENSER 
MIXING 
| 
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1 ‘ roe 610 
' ethylene ‘ 
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During normal operation the apparatus 
was covered with glass wool msulation to 
aid in maintaining steady state over an ex- 
tended period of time 


Experimental Procedure. The tube to be 
tested was carefuliy straightened, de- 
greased, cleaned with dilute hydrochloric 
acid, washed, and thoroughly dried before 
installation... Installation was made through 
packing glands in the thick hakelite 
tube sheets. Vertical positioning of the 
tube was checked by dropping a plumb bob 
through the tube. It was estimated that 
deviations from vertical were less than 
0.2°. Water connections to the tube were 
made by sweating adapters and thermom 
eter wells on the ends after installation in 
the condenser. Flexible metal hose connec 
tions to these adapters reduced strain and 
vibration on the tube to a _ negligible 
amount 

The finned tubes used had plain ends of 
outer diameter equal to the diameter over 
the fins. In setting these in the condenser. 
the condenser chamber length was adjusted 
so that only finned surface, and no part of 
the plain ends were exposed to the vapor 
This was accomplished by use of a sealed 
in, movalle top tube sheet. The lower end 
of the tube was surrounded by a 3-in 
diameter by 2-in. high cup which kept 
separate the condensate from the tube and 
condensate from the glass walls. By means 
of an adjustable standpipe outside the 
condenser, the level m this cup could be 
maintained constant under different con 
densate rates 

With the tube properly installed, con 
denser water was adjusted to the desired 
velocity and the boiler started, to send 
vapors into the system. After suitable ad 
justment of Vapor rate and water temper 
ature, the apparatus was allowed to purge 
jor one and one-half hours during which 
time thermal equilibrium was established 

Data were taken every 15 min. until cal- 
culations of three successive sets of data 
showed over-all coefficients constant within 
1% hased on rate of water flow and tem 
perature rise. When a point had thus been 
established, the water velocity was changed 
and a new set of data determined. For 
each given set of conditions of fluid, tub« 
size, and average water temperature, a 
seven runs was made at water 
velocities from 1800 to 8200 Ib./hr. This 
corresponded to a range of linear water 
velocities of approximately 4 to 19 ft./sec. 
\t the end of each series of rons, the first 
run was repeated to check on possible 
hanges in the tube due to fouling or cor 
significant 


series of 


rosion. Im no case was any 
‘ hange obse rved 

\s shown in Table 1, tests were made in 
this fashion for 4,3, and 1% ft. lengths of 
plain and finned tube, with methanol and 
with  trichlorethylene Average cooling 
water temperatures of 21°, 35°, and 48° ¢ 
were used. A 4-ft. length of finned tubing 
with a longitudinal groove on one side was 
used with trichlorethylene. The grooved 
tube was used in the vertical position and 
also at a 45° incline with grooved side 
down as shown in Figure 4 

Data and Calculations. Forty-two series 
of seven runs each were made to cover the 
various combinations of tubes, fluids and 
temperature differences. For each series 
a Wilson-type plot was made and a straight 
line passed through the data to extrapolate 
to infinite water velocity. Typical plots for 
finned and for plain tubes are shown in 
Figures 5 and 6. It will be noted that the 
proportional to the re- 


scale 1s 
ciprocal of the O38 power of the water 


abscissa 
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Fig. 3. General View of Appara 
section arranged for 18-in. ek is at left. 


velocity and contains a temperature correc- 
tion factor. This is based on the simplified 
Hinton-type (4) equation for the water 
film coefficient inside pipes 


A summary of the principal results is 
given in Table 4. In calculating the 
individual heat-transfer coefficient for 
condensation from the Wilson plot in 
tercepts, the thermal resistance of the 
tube was calculated by the usual 
equations. For the finned tubes, fins 
were taken as 100° efficient, and only 
the resistance of the base tube consid- 


wall 


ered. In all cases these corrections were 
almost negligible since the tube walls 
were copper and relatively thin 

The corresponding equation ts 

1 

h 

(D, + Dy) 
(1) 


The calculation of over-all heat-trans 
fer coefficients, U’, for use in the Wilson 
plot 
on the water side. 


was based on the heat measured 
The equation used 


was 


TABLE 3.—DIMENSIONS OF COPPER TUBES 


tA 


As a check, heat balances were mad 
for a number of runs using the quantit 
of condensate. These values were cond 
sistently 4 to 8° below those based of 
water rates. It was felt that the diffq 
culty of accurate measurement of thé 
condensate together with doubt as to th 
value of the latent heats did not warramy 


their use 


Correlation and Discussion of Result 
The theoretical equation developed b 
Nusselt (72) for condensation of vapor 
on vertical tubes takes the form 


gh 
(3 
a( , 


The constant, 8, is calculated as 0.94 
using Nusselt’s assumptions 
the value of 1.13 has been recommended 
(9) based on average experimental 
data 

Results obtained in the present inves 
tigation are plotted on Figure 7 im a 
form designed to determine the constant 


USED IN CONDENSATION EXPERIMENTS 


Length Total 
1 op It Fin Outeide 
Tube ft Fins, in Height Area A 
Neo Type (nominal) in in \ in aq ft 
i Finned 4 0.635 14.79 0.056 1840 
2 Finned 4 0.632 14.79 0 060 1612 
Finned 0.635 14.98 1400 
4 Finned 1.5 0.634 14.81 
5 Finned 15 
6 Finned with 4 0.635 47% 1.689 
groove 
‘ Plain 4 0.785 
Diameter taken at base of fins for finned tubes 
Groove runs length of tube. Groove width ix 0.117 in. for top 16 in, 0.200 in, for center 
16 and 0.284 in. for bottom 15% in. of tube length 
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However, 


Conder 
1 (t, — t,) 
: 


Fig. 4. View of Condenser Arrangement for Tube in Inclined Position. 


TABLE 4 SUMMARY OF RESULTS 
he at 
Berries Tube hr ft 
‘ Vam oq ft br 
1149 loa 280 
119 
ta ‘4 T 109 47 
b tie 126 “12 
fa m1 127 45" 
mt m0 432 
4 120 3370 
4 70.4 137 $550 
A tier 260 
it K T 10 
1 ‘ r 207 4540 
‘ 143 27a 
‘a " 927 
if a7 175 2140 
17 192 2420 
‘ T “ao 237 
200 6290 
‘ 
2 264 
aa 
‘ ‘ w 
11 610 
27.8 236 2510 
‘ 460 4190 
2" ‘ 70.0 268 
796 172 204 
a1 ‘ 5.0 
x 
51 
‘4 ‘ 
5 205 
33 an 247 
‘7 1142 22 526 
ay 700 136 3430 
eos 217 (est 
2 o r 204 ( ost 
'T. trichlorethyleme, by laa” M methanol, bs 150° F 


* Tube inclined at 65 


angle greeve down 


and the exponent for an equation of the 
form of Equation (3). Since the recom- 
mended value of 0.25 for the exponent 
appeared to be reasonable, lines having 
this slope were put through the data 
The corresponding equations for these 
lines are 
For plain tubes 


(4) 


7 02 
h, = 1.0 
p,LAt 


and for finned tubes 


h 
pyl-At 


An unusual feature of those correla- 
tions is the large range of independent 
variables covered. Cross-plots made of 
the effect of fluid properties, of tube 


length and of temperature difference 
each tend to justify the use of the ex 
ponent one quarter on the separate 
terms 


It is seen from Equation (4) that the 
data on plain tubes are in excellent 
agreement with the recommended equa- 
tion (9) 

rhe value for the coefficient 
obtained with finned tubes is to be ex- 
pected and must be interpreted carefully. 
Under given conditions of the variables 
as set forth in Equations (3), (4), and 
(5), the finned tube carries more con- 
densate load than a plain tube when 
compared at the same level from the 
top. Indeed, if coefficients for plain and 
finned tubes were identical, it would be 
expected that the value of L in Equa 
tion (3) would have to be replaced by 
an equivalent length when applied to 
finned tubes. This equivalent length 
would be the length of the plain tube 
which would have the same external 
surface as does the finned tube. For the 
tubes used here, this would amount to 
multiplying the actual length of finned 
tube by a factor of about 2.76. On this 
basis Equation (5) becomes 


hg, = 0.933 “omy 6) 


lower 


where 


L’ = «te 


Equation (6) illustrates the point that 
the observed coefficients for this type of 
finned tube are only about 15% less than 
those which would be observed for a 
plain tube under similar condition of 
condensate loadings. This 15% reduc 
coefficient per square foot of 
outside surface is easily offset by the 
more than 200% greater surface for the 
tinned tube 
From a practical standpoint a more 
useful comparison between finned-tub 
and plain-tube performance is one made 
on a basis of equal lengths rather than 
on equal external areas. A heat-transfer 


thon 
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coefficient per unit length may be defined 
by Equation (8) 
q 
hy = - (8) 
The relationship between this and the 
more conventional value based on unit 
area ts given by Equation (9%) 


(9) 


On this basis the equations for the 
heat-transfer coefficients may be written 
as follows 

For plain tubes 34-in. O.D. 


6.25 
hy 0.216( 


(10) 


For finned tubes of the dimensions 
used in these experiments 


“2 
h, = 0.335(- 


It should be noted that Equations (10) 
and (11) cannot be used except for the 
tube sizes indicated 


(11) 


Practical comparison requires consid 
eration of the over-all coefficients and 
not just the individual coefficients. Re- 
sults on this basis are shown graphically 
in Figures 8 and 9. In these figures 
comparison is of values obtained at 
water velocities of 15 ft./sec. inside the 
tubes. This is higher than usual com 
mercial velocities but similar results 
would have been obtained at other 
ranges. The choice of 34-in. O.D. plain 
tube to compare with the finned tube 
used was made because these would be 
the interchangeable sizes in a shell-and- 
tube unit. The finned tubes have an 
over-fin diameter of 34 in. and are pro- 
vided with plain ends of this same out- 
side diameter. Accordingly they may 
be slipped through 34-in. tube sheet 
holes and rolled in the usual manner. 


Sores 


10 +0 O08) 
Fig. 5. Wilson- Plots for Typi- 
cal Data on Finned Tubes 


Data for the grooved finned tube are 
also shown in Figure 10. It is seen that 
the values for the vertical position do 
not differ materially from those of fin- 
ned tubes without a groove. In the in- 
clined however, considerable 
improvement is noted. The principle 
behind the grooving was that by pro- 
viding a channel for the run-off of con- 
densate 
the lower section of the tube would be 
reduced. With the type of tube used. 
the fins are so nearly horizontal that 
very little spiral flow of condensate 
takes place. Inclining of the tube does 
permit draining of the space between 
fins. It is planned to make further tests 
using tubes having a multiple-spiral fin 
with greater inclination of the fin to the 
tube axis. 

It should be pointed out that it is diffi 
cult to decide on a proper basis for com- 
parison of the effectiveness of plain and 
finned tubes. The water ve- 
locity in finned tubes is usually greater 
on a linear basis than for plain tubes, 
but since fewer tubes are required may 
amount to a smaller total water con- 
sumption. 


position, 


the build-up of liquid layer on 


economic 


test wee, ot 


Serves 


Fig. 6. Wilson- Plots for 
Typical Data on in Tubes 


comparison can not be 
results for vertical tubes 
with those reported by one of the au 


general 
made of the 


thors for the same-type tube in a hori 
zontal position because coefficients on 
vertical tubes depend on length. Com- 
parison of predicted coefficients for a 
4-ft. finned tube give values for ve 
tubes of 24% of for t 
same tube in a horizontal position, Cor 
parison of the 4-ft. finned tube in 
position with a 4-ft., 


tical those 


vertical 
diameter plain tube in a horizontal post 
tion shows values for the finned tube o 
83% of those for the plain tube. 

The equations given here for conden 
sation coefficients for finned tubes ar 
limited in their application to tubes hav 
ing roughly the same fin type. That is 
Equation (5) would be expected to hol 
for the tubes with 1/16-in. on a bas 
tube from about }4-in. diameter up. Th 
effect of more fins per unit length 1 
open to question. It is anticipated thi 
equation would give conservative value 
for tubes having fewer fins. In the - 
sence of better information, the author 
recommend Equation (6) for use wit 


CONDENSATION 


GENERAL CORRELATION OF 


COEFFICIENTS 


io 


Ag/Lpat 


Fig. 7. Average Gapfeeeaaes Coefficients as Function 


Nusselt's Number 
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OVERALL HEAT TRANSFER COEFFICIENTS 
BASED UPON TUBE LENGTH 


Finned tubes vs. ploin tubes 
Woter velocity = 15 ft/sec 
Liquid Methanol 


Fig. 8. Comparison of Over-all Heat-Transfer Rates for 


Finned and Plain Tubes in a Vertical Position. 
Total height of bar is for finned tube, shaded 
height for plain tube. 


CHEMICAL ENGINEERING PROGRESS 


WE SON LUNES FOR PLAN TUBES } 
— 
3 
= 
10 3 3 4 4 
Page 535 


OVERALL HEAT TRANSFER COEFFICIENTS 
BASED UPON TUBE LENGTH 
Finned tubes vs plain tubes 
Water velocity * ft/sec 
Liquid Trichlorethylene 


OVERALL HEAT TRANSFER COEFFICIENTS 
BASED UPON TUBE LENGTH 


Grooved, finned tubes vs plan tubes 

Woter velocity 15 ft/sec. 

Liquid * Trichlorethylene 
Tube length « 4 ft 


@ 


o 


Verticol tubes 


(Btu/(hrXt 


(Btu/(nent 


th th 3 4 4 4 


Temp 


70 93 #118 70 93 8 70 93 us 
Ott (°F) 


Temp. Diff. (F) 


Fig. 10. Comparison of Over-all Heat-Transfer Rates for 
Grooved Tube Vertical and Inclined with Those 
for a Vertical Plain Tube. 
Total height of bar is for finned tube, shaded 
height for plain tube. 


70 93 16 70 93 8 


Fig. 9. Comparison of Over-all Heat-Transfer Rates for 
Finned and Plain Tubes in a Vertical Position. 
Total height of bar is for finned tube, shaded height 
for plain tube. 


Discussion 
A. C. Mueller (Du Pont Co., Wil 


Del.) : In a specific experiment 
attempting to mcrease the rate of con 


finned tubes with slight modifications otf outlet temperature of water im 
tube F 


over-all 


fin number or tin height 
heat-transfer coeth 


B.tu./(hr.) mington 


Acknowledgment 


thank 
Wolverme tube divi 


crent 


(sq tt.) 
The authors wish to James : densation of steam, we compared this 


ct ve th 


Rodgers and the over-all heat-transfer 


same type of fin tube with a plain tube 
With vertical tubes 16 to 20 ft 
observed no advantage with the tin tube 
We attributed this lack of benefit to 
complete covering of the fins with con- 


cient per unit length 
(hr.)¢° ft.) 


water velocity, ft. /sec 


sion for furnishing the tubes 
these fest 
tended to | M 


Norwood tor 


long we 
gt atitude 1 ex 


lack 


issistance " 


Schoenborn and 


material water velocity, Ib. /hr 
over-all temperature difference 


bringmg thi densate 


work to completion since it was observed that con 


densate ran down over the tops of the 


Notation 


total external neluding 
fins, sq.tt 
diameter of tube, ft 


taken 


tinned 


area 


p outside diameter of tube 
at base of fins for 
tubes, ft 

universal gravitational constant 
heat-transter coethcrent per 


Btu / Che 


umit length 
tt.) 
heat-transter coethcrent per 
unit area, B.tu./(hr.)(¢° F 
intercept on Wilson plot,(° F 
conductivity 
Bota. /¢he 


itr.) 
thermal 

densate 

tt.) 


thermal conductivity 


a constant 
viscosity of condensate, Ib 


density of condensate, Tb. /cu.it 
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fins with relatively stagnant pools be 
tween the fins. You might have run int 
this same effect if you had employed 
tubes longer than 4 ft 

K. O. Beatty: The effect 
out was anticipated as a 
llowever our experiments showed that 


you pomt 
possibility 


even though the condensate appeared to 


be running over the tops of the fins 
rates of heat transfer appreciably higher 
than for plain 
The three lengths of tubes used 
than 


coethcrents m 


those tubes were ob 
served 
showed no effect of length other 
the normal decrease, i.e 
versely proportional to the reciprocal ot 
the length to the one-fourth power. Al 
though the effect of 
should be watched with care, I do not 
anticipate the results you have observed 


Your 


steam 


increased length 


observations were made using 
which frequently shows anomal 


We did 


observe that accidental contamination ot 


ous behavior im condensation 


trichloroethylene with water materially 


reduced condensation rates Dropk ts ot 


water could be seen hanging between 
the fins and apparently blanketed them 
off to a much greater extent than the 
trichlorethylene itself did 


Forty-second 
Pittsbural Pa 


(Presented at innua 


Veeting 


he 
100 | 
Z Z Yj Z 
Z Z Z Z 
Z 4 
re) 4 4 Z 4 4 
ros 
8 
j 
} 
wall, Btw /(hry (oR /it) 
(sq.ft 35. 1280 (1943 
ength of tube, ft 12 W.Z. lor. 
equivalent length of finned (1916) 
4. tube, ft 13. Pesce, B, Gass. Chim, 
(1040) 
temperature of condensing va- 14 
por ‘ 
te perature of water im 15 
tube, ° 
4 
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EQUIPMENT FOR 


GENERATING ULTRA- 


SONIC ENERGY 


BASIC DESIGN CONSIDERATIONS 


W. H. JANSSEN 


General Electric Company, Schenectady, New York 


This paper considers sound and ultrasonic power in air, then some of 
the characteristics of the electrodynamic generator. This is followed 
by a more serious discussion on wave length, pressure, velocity, and 
energy relations in other media. Finally, magnetostrictive and piezo- 
electric generators are discussed briefly. 


URING the past few years, the 
public has become more keenly 
aware of what appears to be a new and 
fascinating type of energy linked with 
a modern name called “Ultrasonics.” 
The term ultrasonics ts apphed toa field 
concerned with vibratory motions at 
frequencies exceeding that of the limit 
of hearing (18,000 evcles /sec.) and ex 
tending into millions of cycles per sec- 
ond. Industrial laboratories, research 
workers, and process imdustries are 
studying the applications of ultrasonics 
to their processes 
There ts a need for a better under 
standing of methods of generating sonic 
ind ultrasonic power. Design considera- 
tions of generators when applied to 
process media are equally important 
The basje relations between forces, ve- 
locities, power, and energy when applied 
to well-known mechanical, electrical. and 


PEAK PARTICLE VELOCITY - INASEC. 


PEAK PRESSURE - 


Fig. 1. Relationship between pressure, 

velocity, and intensity in freely traveling 

waves in air; also between maximum 

pressure and maximum velocity in stand- 
ing waves and resonators. 
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acoustical systems, can help promote an 
understanding of energy radiation at 
sonic and ultrasonic frequencies. 


Sound and Ultrasonic Energy in Air 
Sound in air is a familiar phenomenon 
Not many realize the amount of power 
that may be required to provide the in 
tensities of the familiar steamboat 
whistle or ordinary conversation. Sound 
engineers have established a standard 
sound level reference expressed in deci 
bels. The reference level, zero decibels 
is just above the sound produced by the 
random thermal vibrations of air mole- 
cules. Ordinary conversation, at 60 db., 
is a million times more intense. Painful 
sound, at 130 db., is ten million times as 
intense as ordinary conversation, but this 
intensity of painful sound is only about 
.0065 watts /sq.in. A whistle, capable of 
producing .0065 watts/sq.in. at a dis 
tance of 5 ft. from the source in a free 
field, must provide 300 watts of sound 
power since there are approximately 
45,000 sq.in. of area in a sphere of 5 ft 


WAVELENGTH - INCHES 


= 


© 


4 
FREQUENCY - CYCLES/SEC 


Fig. 2. Relationship Between Wave 
Length Frequency in Air. 
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radius, Figure 1 shows the relationship 
between intensity, pressure, and velocity 
of such wave energy in air. If the gen 
eration of such power in the ultrasonic 
region is considered it must be remem- 
bered that wave lengths become shorter 
as the frequency is increased. Figure 2 
shows the relationship between wave 
length and frequency in air. Since 
whistles are resonators, dimensions of 
which are small compared with a wave 
length of the sound which they produce, 
such sources must necessarily become 
smaller and smaller in size as the gener 
ated frequency is increased. Production 
of high intensity energy is physically 
limited by the amount of pressure fluc 
tuation that can be produced at the 
source, 

The Hartmann air jet whistle (Fig 
3) is limited in power output by such 
pressure fluctuation. A high pressure 
air stream is blown directly into a cavity. 
By this means, trequencies up to 100 
ke. /sec. may be produced. At the lower 
ultrasonic frequencies up to 30 watts can 
be generated with an efficiency of about 
20 per cent. Figure 4 shows the Hart 
mann whistle mounted near the focal 
The intense 20-ke 
sound wave is focussed upon the glass 
beaker and the resultant standing wave 


SUPPLY 


ECVE 


point of a reflector 


RESONANT CAVITY 


CAVITY ADJUSTMENT SCREW 


Fig. 3. Cross Section of Hartmann Air 
Jet Whistle. 
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pattern is recorded by the powder on 

the table 
Whenever of the 

same Irequency are traveling m opposite 


two sound waves 
directions, standing waves are produced 
In Figure 5, the same whistle and re- 
flector are focussing the energy upon a 
steel block. The incident sound energy 
1s reflected from the block and again a 
standing wave pattern is produced. Bits 
of cork are mysteriously held in air at 
imtervals of 
tensities at 


High in 
distance from the 
source are produced only as a result of 


wave length 


some 


concentration of energy by the reflector 
Where larger amounts of power are re 
quired, a must be 
Synchronous oper- 


difficult \ 
produces 


number of whistles 
operated in parallel 
ation of 


siren 


such sources is 


conveniently multiple 
synchronous sources by chopping high 
To do this 


hole 5 


pressure air a disc having 
many small regularly 


about its periphery is revolved at high 


arranged 
speed in front of a high pressure air 
supply so that the air stream is pulsed 
by the heles in the disc. The 
of pulsation is determined by the num 


trequenecy 


ber of holes or apertures in the disc and 
At 20,000 rey 
200 holes would produce a fre- 
quency of 100,000 cycles. Power out- 
puts of many thousands of watts have 
been reported using this type of gener 
ator 


by the speed ot rotation 
min 


Electromagnetic Generators. Many 
are familiar with another type of sound 


generator—the loud speaker in radios 


In this case, a coil of wire is supported 


on a cone in an electromagnetic field 
Phe current in this coil produces a force 
which causes the cone to be displaced 
hack and forth at the driven frequency 
somilar device, ce signed for 
is called the 
(See Fig. 6). Such a 
particularly suitable for calibrating in 
struments ot a 
At the 
serious limitation is imposed upon this 
unit 


applica 
trons im industry vibration 


motor motor 1s 


wide frequency range 


extremely high frequencies, a 


The cone is essentially a moving 
when such 


forth at a 


and 


1 mass is moved back 
constant velocity at an 
ever-increasing trequency the displace 
ment ts continually decreasing while the 
acceleration is 


tional to 


ever mere ising propor 


Figure 7 shows 


this relationship between frequency, dis 


trequeney 


and acceleration. It 
this that at 
frequencies the 
may be 


placement, velocity 


may be seen from chart 


ultrasonn acceleration 


force thousands or hun 
dreds of thousands of times greater than 
the effective weight of the moving mass 
In the vibration motor 


be furnished by the current in the mov 


even 


these forces must 
ing coil, This current must be supplied 
by an oscillator which can be operated 


with an efficiency of only 60 to 70 per 


Fig. 4. Hartmann whistle mounted near 

focal point of parabolic reflector being 

used to produce standing wave patterns 
in powder. 

cent at best No real mechanical power 

It is for this 

electrically 


output has been produced 


reason that m most driven 


mechanical re 


employed The 


high power generators 


somance ts electrical 


system now needs only to supply the 


losses. Forces previously required to 


move the mass back and forth are now 


supplied by the mechanical svstem 
When the energy losses of such a system 
are small compared with the kinetic en 
ergy of the moving mass an extremely 


sharp resonance is obtained, and high 


stresses are produced with the material 
Systems of this type are used in industry 


to determine the fatigue strength of 


Fig. 5. Sound energy reflected down 

from a Hartmann whistle by means of 

parabolic reflector supports bits of cork 

in the standing wave pattern produced 

when the sound is reflected from the 
steel block. 
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material. They may be magnetically or 
acoustically driven. If application of 
such mechanically resonant systems to 
ultrasonic frequencies are considered it 
is found again that just as in whistles 
the physical dimensions of the resonant 
unit must be small compared with a 
wave length of the vibration within the 
material. Thus such generators are pri- 
marily limited to the audio frequencies 


Wave Length, Pressure, l elocity, and 
Power Relations in Materials Other 
Than Air. So far air as a medium for 
the transmission of sonic and ultrasonic 
power has been under consideration 
This type of power may be transmitted 
in all materials. But what of the wave 
length in some of these materials? Fig- 
ure 8 includes air, water, quartz, barium 
titanate, nickel steel. Nickel is a 
magnetostrictive material; quartz and 
barium titanate are piezoelectric mater 
ials suitable for the generation of me- 
chanical energy by electrical means. It 
is noted that for any particular fre- 
quency, wave lengths in water are longer 
than in air, and in steel they are still 
longer 


and 


The relation is important since this 
determines the basic dimensions of reso- 
nant generators at ultrasonic frequen 
First mode thickness resonance of 
plates or longitudinal resonance of rods 
when 


cies 


dimensions are 
wave length. Wave lengths are also im- 
portant when use of standing waves ts 
considered in process media to produce 
the necessary pressure and velocity fluc- 
tuations at ultrasonic 
such applications, the generator need 
supply the losses in the 
medium. The required power may be 
applied at high pressure or at high ve- 
locity depending upon the configuration 
of the standing wave system 

The product of force and velocity has 
dimensional units of mechanical power 
therefore, be expressed im 


occurs these 


frequencies. In 


only power 


and 
watts 


may, 


This relation between force, velocity, 
and mechanical power is similar to the 
amperes, and 
electric watts of a 60-cycle power sys- 
tem. When the voltage and current are 
in phase the product of volts and am 
peres determines the amount of power in 


relation between volts, 


watts. This electric power may be util 
ized in the form of heat or in the form 
of mechanical power output from a mo- 
tor. If the current and voltage are not 
in phase (90° out of phase) there is 
only a reactive power or circulating, 
component which will not register any 
real power consumption 

In a when the 
forces and velocities are in phase, max- 
imum power is produced. In a traveling 
wave in any medium the forces and ve 
locities peak simultaneously, and may 


mechanical system 
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Fig. 6. Electrodynamic Vibration Motor 
for Industrial Purposes. 


therefore be considered to be in phase 


Figure 9 shows the relation between 
pressure, velocity, and intensity im ma- 
terials. Since pressure is force per unit 
area, the product of pressure and ve 
locity can be expressed as power per 
unit area 

It is observed that traveling waves im 
water and steel require a much greater 
pressure and a correspondingly lesser 
velocity than in air to produce a chosen 
Also it ts 


resonant plate or 
ratio of maximum velocity 


intensity noted that in a 
a standing wave the 
at one pomt 
other 


point is the same as for a traveling wave 


to the maximum pressure at the 


rhis appears more logical when one re 
members that a standing wave may be 
considered to consist of two waves trav 


A resonant 


eling in opposite directions 


plate may be considered a wave- 


length section of a standing wave 
Referring to Figure 9 again. it 
wishes to produce 10 


watts /sq.in 


radiated power in water using a 
wave-length quartz plate resonating im 
thickness, 30 Ib 
produced at a velocity of 5 in. /sec 
quartz 


this 


must be 
The 


vibrate at 


sq.in. pressure 


face must necessarily 


velocity nm. / sec The 


stresses Or pressure at the center of the 


PEAK VELOCITY 
INCHES PER SECOND 
3 


quartz plate will be (from Fig. 9), 
approximately 300 Ib. /sq.in. 

Electric equivalent circuits may be 
devised for ultrasonic generators driv- 
ing any medium. These circuits aid 
materially in the proper application of 
generators. 

The electronic circuit engineer is well 
equipped to handle such problems once 
he appreciates the similarity of these 
mechanical systems to his circuits. 


When a 


nickel tube is placed in an axial mag 


Magnetostriction Generators 


netic field, a change in its length occurs. 
When a variation in this field is pro 
duced by passing a current through a 
coil surrounding this tube at the reso 
nant frequency of the tube, large stress 
variations are produced at the center 
with velocities at the 
ends however, must be 
slotted induced cur- 
rents in the circumferential dimensions 
will not electrical 
properly 


corresponding 
Such a tube, 

in order that the 
produce excessive 


losses Laminated sheets 


bonded in order to obtain low mechan- 
ical losses have been produced in recent 
years 

When the mechanical and magnetic 
carefully 
ipplication, large amounts of power may 


structure is designed for its 


} reasonable efficiencies 


produced at 
In assemblies requiring large cross-sec 
individual 


usually operated in parallel, 


tional areas, a number of 
units are 
actuating 
thin plate 


the medium to be 


a common diaphragm or a 
This plate is exposed then to 
Artificial 
cooling is generally required tor mag 


treated 


netostriction generators when contin 
uous operation at high power levels is 
essential 

The ability of nickel to 


reasonable temperatures and extremely 


withstand 


high stresses adds greatly to the attrac 
tiveness of 
These 
more difficult to construct at frequencies 
100.0000 eps It known that 


magnetostriction generators 


lower ultrasonic frequencies 


generators become somewhat 


above 


Fig. 7. Relationships 
between Frequency, 
Displacement, Veloc- 


ity and Acceleration. 
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IN 
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FREQUENCY ~ CYCLES / SEC. 
Fig. 8 Relationships Between Wave 

Length and remney in Various 


these generators must become smaller as 
the frequency of operation is increased, 
and multiple unit become 
more essential in order to expose a rea- 
transmission, 
Manufacturing costs are increased and 
materials become more 
suitable and economical 


assemblies 


sonable area for power 


piezoelectric 


Piezoelectric Generators. A voltage 
stress properly applied to any piezoelec- 
tric material will produce a change in 
its dimensions. When an a.c, voltage 
is applied at the resonant frequency of a 
properly 
ator 
tional to the forces required to supply 


designed piezoelectric gener 
the voltage 


the mechanical losses and the radiated 


power. A current must be supplied also 


stress will be propor-3 


which is proportional to the velocity off 


To this must 
be added an out-of-phase current com 


the ends of the resonator 


ponent due to the capacitance between 
The total current is the 
vector sum of these two currents 


the electrodes 


Figure 10 is a photograph of various 
piezoelectric materials 


Rochelle Salts and 
Hydrogen Phosphates are extensively 
used in underwater sound devices. Both 
water soluble and RocheHe 
they are 
alt melts 
lihydrogen 


Ammoniam Di 


materials are 


salt is hygroscopic ; hence 


usually sealed in oil. Rochelle 


at 55°C. and ammonium 
phosphates become electrically conduc- 
tive above 100° C 
When under 
tion, as high power ultrasonic generators 
in liquids at room temperature, Rochelle 
limited by temperature 
melts the crystals. Power 
outputs of approximately 3 watts /sq.in 


used continuous opera 


salt is surface 


rise which 
Ammonium dihydro- 
under 
levels of 


mav be obtaimmed 
gen 


similar 


phosphates appear to fail 
conditions at power 


approximately 30 watts /sq.in 


Quartz has been for many years a 
favorite for high intensity ultrasonic 
work. A properly constructed disc prob- 
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Fig. 9. Relationships 
between 


pressure, ve- 
locity, and intensity in 
freely traveling waves; 


1.0 10 


also between maximum 
pressure and maximum 
velocity in standing 
waves and resonators. 
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tbly will support a vibrational stress of 
S000 Th. /sqin. It will withstand high 
temperatures it temperature gradients 
are minimized, In its application to gen 
erators for liquids its power output is 
lumited practically by the voltage stress 
that can be obtained without producing 
external arcing. Figure 11 is a photo 
graph of a quartz generator. The edges 
ot the erystal are surrounded by oil to 
prevent arcmg around the crystal. Rub 
ber rings producing a seal for the oil 
chamber are effective low loss mount 

Figure 12 shows a complete ultra 
some generator suitable for laboratory 
work. Crystals for 300, 500. 750, and 
1.000 ke. are readily mounted, and suit 
ible coils are plugged in. To the crystal 
250 watts is apphed at a voltage up to 
20,000) volts 


Barium Titanate Compound, a new 
material, basically a ceramic, has been 
ale veloped m recent vears as a result 
of the search for hugh dielectric constant 
ceramic materials suitable for capacitor 
applications, The titanates exhibit rather 


unusual characteristics m that they can 
be processed so as to Possess desirable 
piezoelectric properties, and produce a 
high amount of power at relatively low 


CUR 


ROCHECEE.. 


voltages. For example, where quartz 
may be limited by the voltage which can 
be applied, a barium titanate transducer 
with similar dimensions and frequency 
characteristics would produce the same 
amount of power output at a voltage of 
approximately 1/70 of that required for 
quartz, The most important considera 
tion in the application of barium titanate 
compounds as an ultrasonic generator 
is that the operating temperature of the 
material is limited to approximately 
¢ At a temperature somewhat 
ibove this level the material would com 
pletely lose its piezoelectric properties 
amd would have to be reprocessed in or 
der to regain them. 

Transducers of barium titanate have 
been built to deliver ultrasonic power at 
trequencies above 5 megacycles/sec 
Since high power output can be obtained 
at these frequencies for a relatively low 
ipplied voltage. it follows that the elec 
trical impedance of such a unit is low 
For that reason these high frequency 
ceramic transducers can be operated ch 
rectly in ordinary tap water with unin 
sulated leads as shown in Figure 13 
This generator is operating at a fre 
An input 
curved dis« 


quency of 24 megacycles /sec. 
of 300 watts is applied 


is radiating from both faces and is ar 
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Fig. 12. G. E. Ultrasonic Generator for 
Laboratory Work. 


ranged to focus the energy from the 
concave tace in the direction of the 
spout of water 
of this material indicate that it should 


Tensile strength tests 


be able to support on the order of 10,000 
Ib./sq.in. The importance of this cer 
amic material to high power generators 
is Obvious when it is considered that 
these pieces may be molded or extruded 
into any desired shape and that they 
may be processed to have good piezo 
electric properties m any desired direc 
tion. Figure 14 shows some typical sizes 
and shapes that may be produced using 
a barium titanate ceramic as a trans- 
ducer material 


Conclusions 


In the application of high power ultra 
mics to process industries, high fre 


Fig. 10. Left: Piezo- 
electric Materials. 


Fig. 11. Right: Quartz 
Transducer for G. E. 
Ultrasonic Generator 
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Fig. 13. Fountain of water and fog produced by small disc 
roducing high intensity ultrasonics 


of uninsulated ceramic 


at 24% megacycles/sec. 


quency electric power supplies capable 
of delivering large amounts of power 
can be designed. Experience in induc- 
tion heating and radio broadcast design 
makes this possible. High power radia- 
tors capable of converting electric power 
to mechanical power of the same fre 
quency can be 
The energy conversion can be accom- 
plished with a high degree of efficiency 
when careful consideration is given to 


economically produced. 


the basic relations between generators 
and the medium. 

The cooperative efforts of research 
workers, process engineers, and generat 
ing-equipment designers must be con- 
centrated on worth-while applications of 
ultrasonics. This will lead the develop- 
ment along a safe and certain road to 
the production of improved materials 
tor more people at less cost. 
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division of the 


Discussion 


F. D. Mayfield (Celanese Corp. of 
America, Bishop, Tex.) What process 
economically would vou use in the break- 
ing up of foam? 


W. H. Janssen: First, let us know 
the quality and density of the foam. Do 


you mean a precipitate of finely divided 
nel} 
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particles in a liquid? An emulsion? | 
would say for a foam, such as soap 
suds, the best process would be the 
use of air. 


F. D. Mayfield: I am referring to a 
light foam on the surface of a liquid. 


W. H. Janssen; Maybe 
would like to answer that one. 


Danser 


H. W. Danser: (Ultrasonic Corp., 
Cambridge, Mass.) : We are working on 
that now. I would like to say you would 
want to use gas phase sound generators. 


F. D. Mayfield: Can you successfully 
precipitate finely divided solid particles 
in a liquid phase ? 


H. W. Danser: We haven't done 
much work in that field, but you can 
produce emulsions, which we have done, 
and you can precipitate fine solid par 
ticles from liquids. I would rather not 
attempt to give you an expert opimion 
Is there anyone here who feels qualified 
to answer this? 


Dudley Thompson ( \irginia Poly- 
technic Inst., Blacksburg, Va.): I have 
done some work along this line and have 
found that four different phenomena are 
produced at low intensities in liquid sys- 
The order 
in which these phenomena occur with 
increasing intensity under these condi- 
tions are: (1) orientation, (2) move 
ment, (3) accumulation, and (4) coagu- 
lation of the suspended particles 


tems at the same frequency 


These 
occur below a power density of approx 
imately 10 
value disruptive forces come into play 
and dispersion and emulsification result 


watts /sq.cm.; above this 
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@ 


Fig. 14. Typical Sizes and Shapes of Ceramic 
Transducer 


mts Made of a Barium Titan- 
ate Compound. 


Low intensity ultrasonic waves can m 
terially facilitate coagulation in syster 
in which this phenomenon will tak 
place. 


H. V. Hess (The Texas Co 
N. Y.): How do power outputs fo 
quartz and barium titanate compa 
when used in a gas rather than in 
liquid ? 


Beaco 


W. H. Janssen: The power outpu 
of either quartz or barium titanate ar 
materially reduced in a gas as compare 
to a liquid since the amplitudes of vibré 
tion must necessarily be much larger t 
obtain the same power output 

In a gas, however, the power outpu 
of quartz is limited no longer by arcin 
around the crystal but by the mechanica 
breaking Assuming that th 
barium titanate is pulsed or artificiall 
cooled to compensate for heating caused 
by electrical and mechanical losses, the 
maximum power output of barium ti- 
tanate is also determined by the me- 
chanical breaking point 

Then under these conditions the max- 
imum permissible stress in either mater- 
ial, coupled with its density and thick- 
ness for any given frequency determine 
the final amplitude limitation 

li we assume that barium titanate 
will support a vibrational stress twice 
as large as will quartz, the thickness of 
barium titanate is 82.4% that of quartz, 
and the density of barium titanate is 
207.5% that of quartz, ther barium 
titanate will produce approximately 37% 
more power than quartz 


port. 


(Presented at Thirteenth 
Veeting, Houston, Tex.) 
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ORGANIZATION OF CHEMICAL 
ENGINEERING PROJECTS 


RICHARD MORTON 


Chemical Engineer, New York 


This paper attempts to contribute to the administrative phase of chemi- 


cal engineering by discussing the various items entering into the execu- 
tion of a chemical engineering project. The stepwise procedure is de- 
scribed which is necessary to carry a project from its inception to the 
completion stage and a recommended form of an engineering organiza- 
tion is outlined with which to accomplish this purpose. 


UCH has been written on the gen- 

eral subject of chemical engineer- 
ing plant design including book by 
Vilbrandt (72) with a voluminous com 
pilation of references. He discusses the 
various factors entering into plant de- 
the 
and 


sign, selection of 


ment 


process equip- 


includes an organization 


heck plan to ensure that all items en 


ering into the plant design have been 


onsidered, General principles of chem 


cal plant design have previously been 


liseussed (2) while the organization 
ot a chemical engineering pilot plant 
ms recently been described (4). Tyler 
(77) outline the forms of organization 


quired to handle the administration 


production, research ind ale depart 
ments of a chem il engineering con 
Pern. Crenereaux (70) gives the follow 
nye sequence tor the design i chem 
al plant 
1. The idea 
ent 
lesig 
Esti 
Fina 
It the pury ‘ ticl 
cu the alw ieta 
va tional 
tructur t 1} 
! lve le 
cale project petr 
etinery } the et en 
bee j ! il 
eng prorect Natur the 
procedure tor a small plant can be 
simplihed shert cuts can thu 
be mare 
Between the inception of an idea to 
build a chemical plant and it realiza 
tron in final conmerete fort nsiderable 
engineering effort must be ext ded 
lo transform the ideas forming a chen 
ical process into the materials which 
labor can handle and properly put to 
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gether to produce an operating plant, 
the collaborative effort which 
is provided by organized engineering 
Large 


requires 


engineering concerns through 
long years of experience have developed 
techniques, standards, 


which 


and forms of or- 
suit their require 
Often these forms become fixed 
ind inflexible so that these organizations 


gamzation 
ments 


operate under the handicap of excessive 
On the other hand, small con- 
cerns when first starting out often lack 
experience im the proper orgamization ot 


tape 


work and therefore find it difficult to 
operate economically. However, when 
properly organized, the smaller engi 


neering company can operate more eth 


ciently and with a lower overhead than 
the larger less flexible concerns, and 
thereby gain a competitive advantage 

Scope of Project. The primary ob 
pective a new engineeri 


iw project 
with 
prospective chent 
determine the tacilities to he 


usually arrived at in discussions 


the executive ot the 


This ill 


nstalled or product to be manutacture: 


is well as its quality, quantity, et Xt 
th tage the management or the clent 
engine probably can estimate whether 
the f new facilities will be 
equires turnish the necessary powe 
ite! stean ete tor the P ect 
plant li no exce of these utilit 
vailable or if t ivailability lin 
ted, the determination of the magnitude 
f the new utilities requirements will 
ave t swat the ompletior ola de 
tailed study t the process 
Cost Estimat Assuming that the 
location of the plant has been settled 


executive decision or atter a 
plant location study, the next point is 
to obtain a cost estimate. Preconstruc 
tion cost estimating of chemical process 


plants is a subject in itself, but one that 
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has been neglected by chemical engi- 


neers until a few years ago. Recently 
much information on chemical equip- 
ment costs (5, 8) as well as over-all 
plant costs (2, 6) has been published 
and has been summarized by Vilbrandt 
(12) 

In contrast to general plant construc 
tion projects where the building is the 
largest cost item, in the chemical proc- 
ess plant the major cost is that of equip- 
ment. The and size of this 
equipment have to be figured before a 
price estimate of the project can be 
made, Often the cost of piping in such 
a plant may be considerable and yet 
only roughly guessed at until 
the plant design has reached an ad 
vanced It would be helpful to 
engineers, and estimators in the profes- 
sion, if more piping data were 
published for various types of process 
plants 


capacity 


can be 


stage 


cost 


Type 


ties 


Due to the difficul 
estimating 
plants, the 
kind of estimate to be 
type ot 
the client 
organization. ¢ 


(3) brie tly 


of Contract 
involved im costs oft 
chemical process 
to the 


the 


question 
ifises as 


made and contract to be 


irrived at between and the 


engineerm Lewis 


the merits of the 


discusses 


ost-plus contract as against the lump 
um contract The recent tendency 
despite intensified competitive bidding 
on a lump-sum basis, seems to tavor 
the cost plu fixed-fee contract which 

uld logically be the basis for handling 


such highly variable equipment require 


ments as are called for in petroleum and 


chenneal processes This type of con 
tract also takes into account the fluc 

tuating prices of labor and equipment 
so that an arrangement can be reached 


which is equitable both to the contrac 


Whereas the cost 


contract 


tor and the client 


plus-tixned-fee would not pre 
vent the rush to sign contracts for plant 
construction at a time of rising prices, 
tend to 


into 


it would, however, reduce the 


reluctance to enter contracts in a 
the 


preliminary 


falling price situation; 


taken to 


since after 
out 


engineering and preparation of specif- 


time carry 
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if 
| 
‘ 
My 
pe 


cations, the client would benefit by the 
lower prices prevailing at the time of 
equipment purchase. 

It can now be assumed that a pro- 
posal submitted by the engineering firm 
has been accepted by the client and the 
contract signed for a “turnkey” plant 
to be furnished. This means that all the 
engineering, purchasing, and construc- 
tion will be done by the contractor, and 
the plant when turned over to the client 
will be ready for operation. Sometimes, 
there are operating guarantees included 
in the contract and in such cases the 
engineering firm will have supervisory 
operating personnel at the plant and 
performance runs will be made before 
the client finally accepts the plant. On 
the other hand, contracts are made 
wherein it is stipulated that the con 
tractor is responsible only up to the 
point of erection of the plant, at which 
time the client’s engineers will take 
over the operation. This is usually done 
where the process is to be kept secret 
and outside engineers are not welcome 

Process Engineering. The engineer 
ing of a chemical engineering project 
originates in the process flow diagram 
which establishes the main operations 
to be performed on the starting mater 
ials in order to obtain the finished 
products and by-products. These opet 
ations are based usually on the chem 
istry and physics of the process and on 
the material-handling requirements 
Many, if not all of these process steps 
may be known at the outset: on the 
other hand, some of these steps may 
have to be determined either by process 
calculations or by experimental pro 
Often, alternative 
process flows, means of separation, and 


cedures. several 
methods of heat exchange have to be 
figured and quick, rough, cost compar 
isons made before selecting the final 
process flow 

Basic mformation required for mak 
ing process calculations generally con 
sists of the following 


a. Analysis of raw materials 

b. Specifications of products 

c. Location of plant and characteristics 
of utilities, such as nature and quality 
of fuel, temperature of cooling water 


When completed, the process calcu 
lations will provide 


1. Material Balance. This will include a 
detailed material balance for each indi 
vidual piece of equipment as well as an 
over-all balance for the plant. For certain 
types of equipment such as condensers, 
where a change of state takes place, the 
material balance should be sufficiently de 
tailed to give the quantities of vapor and 
liquid entering and leaving, since these will 
affect the design of this equipment. In the 
case of a distillation column, where the 
flowing quantities of liquid and vapor un 
dergo large variations in the course of its 
height, several sectional heat and material 
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TABLE 1.—EQUIPMENT CLASSIFICATION SYSTEM 


4—Foundations, piling and underground 
work, exclusive of piping 
Buildings and fixtures 
Piping, general 
Piping, underground 
Piping, instrument 
Structaral steel 
Electrical, lighting 
Electrical power and switchgear 
Purnaces, fired heaters, driers, stacks 
and flues 
General equipment and any s«pecia! 
equipment for «a specific job—filters, 
evaporators, thickeners, cyclones, etc 
Heat exchangers, condensers, coolers 
(onverters, treating vessels, reactors 
extractors, «tc 
Materials handling equipment, convey 
ors, elevators, hoists, etc 


balances have to be made in order to deter- 
mine these internal flow quantities, which 
then furnish the basis for designing the 
trays and bubble-cap arrangement. Mater 
ial balances should be expressed both in 
weight and volume quantities 

2. Heat Balance. Determination of the 
pressures and temperatures required in the 
various steps of the process provides the 
hasis for figuring heat balances around 
each piece of equipment where any thermal 
change occurs. These heat balances deter- 
mine the loads or duties for any heaters, 
coolers, etc. An over-all plant heat balance 
can be easily made to provide a check 
Assuming the products leave the plant at 
the same temperature as the feed entering 
then the sum of the external heating loads, 
as represented by the heat put into the plant 
by means of fuel and steam, should equal 
the sum of all the cooling loads, as repre- 
sented by the heat removed from the plant 
by means of water or other cooling medium 


On the basis of all the just-mentioned 
quantities obtained by the material and 
heat balances, as well as by an ample 
allowance of liberally estimated pres 
sure drops between various pieces of 
equipment, process specifications are 
developed for all the equipment in the 
plant. These furnish the normal quan- 
tities, temperatures, 
duties, etc., for each of the various 
addition, the 
maximum (and in some cases mini- 
mum) quantities and duties should be 
specified also in order that the equip- 
ment have sufficient flexibility to per- 
form as required 

For vessels, towers, and other special 
equipment, sketches are usually made 
showing locations of all nozzles, man 
holes, internals, etc., together with notes 
on the maximum operating pressure and 
temperature, corrosion allowance, and 
materials of construction 

Data accompanying heat-exchanger 
specifications include inlet and outlet 
temperatures, quantities of materials 
and their physical state, viscosities at 
specified temperatures, preferably in 
the range being handled by the equip- 
ment, and vaporization and condensa- 
tion curves 

In furnishing data on pumps and 
compressors the normal and maximum 
flow quantities should be specified as 
well as the suction and discharge pres 
sures. In addition to this, it is neces- 


pressures, heat, 


equipment items In 
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L—-Veasels, towers. fractionators, etc 
M— Vaca equipment 
N— Insulation and fireproofing 
Laberatery equipment 
Pi—Pumps and drivers 
and drivers, expanders 
Q— Sewers and drains 
Instruments, scales, panel boards 
Storage veveels, tanks, druma, etc 
T-— Painting 
Unallocated materials for stock ac 
count 


Overhead Accounts 


Engineering and drafting 
W Tools and equipment 
X— Construction 

Y— Insurance and taxes 


sary to state the specific gravity, vis- 
cosity and pumping temperature in the 
case of liquids; and the molecular 
weight and specific heat ratio C,/C, in 
the case of gases. 

During the period ol developing 
final process calculations, it is desirable 
to exchange knowledge of the process, 
and discuss preferences as to modes of 
operations, types of equipment, ¢ 
with the engineers of the client c 
pany. This will save time and work 
the later stages of engineering by red 
ing the number of revisions requit 

If the process to be used ts a ne 
one, or if certain improvements on 
previously used process are desired, 
may be necessary to do some resear 
and development work in the pilot pla 
before certain phases of the process ca 
be determined. In such a case the pr 
ceedings can be expedited by transmi 
ting to the project engineer the spec 
fications for the equipment of that px 
tion of the process which has been de 
nitely established, with a short descri 
tion of the nature of the unsolv 
problem and what probable equipment 
involved. This will not only enable t 
project engineer to reserve some spa 
on the plot plan and schedule the jo 
but also make some contributions to th 
solutions of the problem 


Project Engineering. The project 


engineering department of the organ 
zation carries the burden at this stage, 
its duties comprising the specifying and 
requisitioning of all equipment and ma 
terials, and the preparation of all draw 
ings which are required for the erection 
of the plant. The person who guides 
this work to completion and who is the 
hub of the whole project, is the job or 
project engineer 

There is at times confusion as to the 
difference between a job and a project 
Usual practice is to reserve the term 
project for a physically separate plant 
in a specified location. In turn this 
project may comprise several distinct 
but more or less interrelated units or 
sections which may be assigned distinct 
job numbers. In the case where the 
project consists of one or only a few 
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PROJECT 
ENGINEER? 


- 


CHIEF PROJECT! 
DRAFTSMAN LEADER. 


| 
TRUCTURAL ENG! STRUCT. | 
SPECIALIST - SLVAD. 


OFfFice MECH'L ENG. | MECH. 
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MAINTAINS 
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| MISCELLANEOUS) 
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Fig. 1. Organizational Chart. 


parate units, the terms project and job ment, satety, ete. The project engineer 


may become synonymous, and similarly is apprised of the estimated cost of the 
ve terms project and job engineer. In job being handled and will have oc 
ve case where a project is fairly large castons to call on the estimating depart- 
job engineer may be assigned to each ment to make cost comparisons of sev 
ction or umit with a project engineer eral alternative schemes devised to ac 
ipervising and coordimating the over complish certain engineering require 
l engmeering of the whole project. In ments. He should collaborate with the 
¢ tollowimg discussion it will be purchasing department in the selection 
assumed that the two terms are synony ot bidders, and by obtaining copies of 
mous and that the job at hand involves all purchase orders he can make sure 
the construction of a moderately sized that all the equipment for the job is 


Owver-all guidance and dire« 


plant ordere 
kven though the project engineer is tives as to general policy, costs, time 
the hub of the undertaking he cannot chedules, ete. come from the chief 
succeed unle he has an organization engineer 
which os geared to handle the various All information coming to the project 
components of the project. Figure 1 engineer has to be channeled into two 
shows the interrelationship between main directions: (1) In the form of 
projpect engimmeer and the rest of the engmeermg data, sketches, flow sheets 
engineering organization This chart ete.. winch are turnished to the drafting 
places the project engimeer in the kev room, whence they eventually emerge in 
position and show whence his direc the form of plot plans engineering flow 
tives emanate and in what direction his sheets, detailed equipment layouts and 
responstbilities hanneled. Process piping arrangements together with Bills 
intormation amd specify ot Material and (2) In the form of 


hase orders covering all equipment 


Aare transmitter! 1 m th pro pure 
department. The ch ‘ngimneers | ind materials required tor the construc 
certain requirements as to sp ons thon of the plant from raw materials to 


standards, imterchangeabs! ‘ laboratory mstruments; from elevator 


CHEMICAL ENGINEERING PROGRESS 


to hardware for doors and the proverbial 
plant whistle 

The organization of engineering 
drafting rooms varies with different 
companies. The writer believes that the 
most satistactory arrangement ts the 
one outlined in Figure 1. This calls for 
the chief draftsman to create under him 
various departments or groups of spe 
cialized personnel, such as structural 
mechanical, etc. Each group is led by a 
competent engineer who is a specialist 
m that field and who normally directs 
the work of the men in his group and 
sets up standards and procedures 

When a project is to be started the 
chiet draftsman selects one of the more 
experienc ed men trom any one ot these 
groups and sets him up as the project 
or group leader in the drafting room 
The chief draftsman also assigns cer 
tai personnel from each of these spe 
cialized groups to work on the particu 
lar project under the group leader 
These draftsmen, supervised by the 
group leader, carry on all the detailed 
design and drafting. The whole group 
works under the jurisdiction and guid- 
ance of the project engineer. However 
im technical matters the draftsmen look 
to the chief engineer of their special 
group for advice and consultation and 
all their drawings are signed by the 
chiet engineer of that particular group. 
Thus electrical drawings are signed by 
the chief electrical engineer, steel and 
foundation drawings by the chief struc 
tural engineer, piping drawings by the 
chief mechanical engineer, ete 

The group leader acts as liaison be 
tween the job engineer and the drafting 
room. The work required is explained 
to him and he im turn directs the de 
tailed execution of this work by the 
drattsmen. He also carries out the im 
portant function of coordinating the 
various phases of the work of the differ 
ent special groups. For example he 
provides the men who are designing the 
structural steel with drawings showing 
the arrangement of equipment including 
location of foundation bolts, ete. Con 
versely, he gives structural steel draw 
ings to the men who are working on 
piping, so as to avoid such commonly 
encountered errors as showing piping 
going through structural beams, or un 
derground lines going through founda 
trons 

It is often advantageous, whenever 
possible, to assign the project engineer 
to the particular project in advance of 
completion ot tinal process mtormation 
This enables him to go ahead and obtain 
information regarding the plant site, it- 
elevation contours, characteristics and 
ivailalnlity of all utilities, and soil 
bearing pressure. If the plant is an ex 
tension of, or ts to be located adja 


cent to, another plant, the surplus of 
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the utilities available should be deter- 
mined since these may be adequate for 
the new addition. Otherwise, additional 
wells may have to be dug. boilers in 
stalled and transformers added 

The first work 


concerns the establishment of the pro 


project engineer s 
cedural method to be followed and the 

of all other departments 
Most engineering and 
struction organizations have established 
cover all 
In the 
construction of a chemical or petroleum 
project the equipment constitutes by far 


notihcation 
involved con 


accounting systems which 


phases of a construction job. 


the major portion of the job and various 
construction classifications are of minor 
interest has discussed this 
subject insofar as it affects the account 
ing and constru tion phases 


Lewis (3) 


Concern 
in the present discussion is with a classi 
fication equipment as it affects the 
engineering phases of a project. Pre- 
sented in Table 1 is a typical refinery 


ot 


classification system and from the 
inception of the job the code letters, to 
gether with an appropriate number, are 
used to designate various items of equip 
These numbers are 
carried throughout all the phases of the 
job such purchase or- 
ders, engineering drawings and finally 


code 


ment im the plant 


as requisitions 
are put on tags or name plates to iden- 
tify the equipment and to designate its 
location in the field upon delivery. 

When used for a small plant or one 
unit equipment can be 
numbered with the group letter followed 


operating the 


by consecutive numbers 


Distillation 
Pumps 


towers 


In this type of classification the drivers 
of units take the number of the equip 
ment they are driving, followed by a 
symbol to designate the type of driver, 
eg.. a motor tor pump /'1-6 would be 
P1-6M whereas a turbine for this pump 
would be numbered P?1-67. When a large 
plant is being constructed, it is usually 
divided into The 
section number then precedes the equip 
ment number to identify its location, 


numbered sections. 


Pumps 
Exchangers 


When the 


the flow sheets, equipment specifications 


project engineer receives 
and sketches from the process depart 
then his 
The first thing in order of im- 


ment, he can proceed with 
work 
portance is to send out requests to bid 
on the major equipment and those other 
items which to manufac- 
ture will 


special vessels 


take longest 
This 


reactors 


include 
filters. 
motors 


and deliver 
dryers 
turbines 

In connection with equipment which 


evaporators pumps 


etc 
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Section 20 


20 
20 


requires special design such as convert- 
ers, reactors, fermenters, etc., it will be 
necessary to concentrate on their design 
in the beginning in order to develop 
sufficiently detailed drawings to enable 
fabricators to submit quotations 

Initiation of requests to bid can be 
handled in several ways. A typical pro 
cedure is for the project engimeer to 
prepare sketches, drawings, specifica 
tions, and an itemized schedule covering 
each specific type of equipment. He then 
transmits this information to the pur- 
chasing department together with a pur- 
chase requisition and a list of possible 
suppliers. The purchasing department 
sends out the requests to bid and trans 
mits to the project engineer a copy of 
each bid when tt comes in 

In all requests to bid on equipment it 
is important to the information 
which is required with the quotation 
The bidder should be requested to submit 
in addition to price, delivery, and equip- 
ment details, such information as weight 
and approximate size or floor space re- 
quired. The information on floor space 
will enable the project engineer to 
proceed with equipment layout and plot- 
plan studies considerably in advance of 
the time when detailed equipment 
drawings become available, whereas the 
approximate equipment weight can be 
used for foundation design. This will 
usefully fill in the wide gap in time 
between the final selection of equipment 
and the receipt of certified drawings 
trom the manufacturers. 


state 


Accompanying each request to bid 
there should be complete information 
on the quantities to be handled, perfor- 
mance expected of all items of equip 
ment as well as the desired quality of 
materials of construction. These re 
quirements are in a set of 
specifications made up for each group 
of materials or each type or class of 
equipment, required in the plant. For 
example, piling, pressure vessels, atmos 
pheric tanks, centrifugal pumps, recipro 
pumps, heat exchangers, each 
type of control instrument, piping, in- 
sulation, etc 


embodied 


cating 


Section 30 


H-1, 


P1-1, 2, 
H-1, 2, 


etc. 
etc 


et 
etc. 


? 


In specifying materials there is gen- 
erally required some - guarantee, as to 
quality workmanship, while 
equipment items there are usually re- 
quirements as to performance, inspec- 
tion, testing, certified drawings, mark- 
ing and shipping. Often these latter re- 
quirements are incorporated in the pur- 
to the bidder, 
hence it is advisable to include them in 
the original specifications upon which 


or on 


chase order successful 
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the supplier is requested to quote. In 
the case where the equipment is for a 
foreign job, this should be so stated, 
since the supplier is generally expected 
to furnish the equipment packed for 
export and suitably protected against 
the weather, for which there is an addi- 
tional charge 

In the requirements for 
pumps and compressors, it is usual to 
call for an excess capacity of 10-25% 
over the normal requirement and espe- 
cially for an ample allowance of differ- 
ential pressure. This latter item is im- 
portant since at the time of specifying 
the operating conditions for the pump 
or a layout or piping ar- 
rangement will not yet have been made, 
so that a detailed pressure-drop calcula- 
tion cannot be figured. Such a detailed 
check will have to await a later date 
and it is often found that the process 
engineers have erred on the side of a 
low pressure-drop estimate’ and that the 
calculated pressure drop is greater tha 
the purchased unit can put up 
a case a major change in the piece o 
equipment is required with the resultin 
increase in price and loss of time 
delivery As regards other genera 
specifications it is advisable to includ 
as many specific requirements and de- 
tails as are known to be required for the 
particular service even if this eliminates 
some suppliers from the field. In many 
instances the client’s engineers will in- 


specitving 


compressor 


In suc 


sist on certain requirements being me 
and specific features included 

While inquiries are out for the majo 
equipment, piping specifications have t 
be prepared defining the quality 
and temperature limitations 
for the pipe, valves, fittings, ete.. which 
are to be used for the various services. 


am 
pressure 


These specifications are used then by 
the draftsmen on all the piping drawings 
Insulation, electrical 
and other specifications also are to be 


made for the job 


prepared at this time 

Equipment layout studies are started 
as fair idea of the number 
of equipment items and their approxi- 
mate size is obtained 

The basic considerations which affect 
the arrangement of equipment are: 


soon as a 


a. Most economical layout 

b. Ease and safety of operations 
Suitability for servicing and 
tenance 

d. Aesthetic 
ance 


main 


and architectural appear 


All these factors (a-d) should be given 
due consideration and it can be stated 
that ¢ and d are as important as the 
first ones. For it has been proved that 
a clean and neat appearance of layout 
and equipment has an influence on the 
spirit of the workers and on their acci- 
The attractive ap- 
pearance of a plant can also be used 


dent potentialities. 


L-2, etc 
P1-1, P1-2, ete 4 

J 


for advertising and publicity purposes 

A good method for arriving at a sat- 
isfactory plot plan is to turn the problem 
over to several men to work on it inde- 
pendently. In this way different plans 
will result and the best features of each 
can be incorporated in the final plan 

When the approximate equipment 
weights and dimensions have been ob- 
tained, the design of the foundations 
can be gone ahead with, subject to final 
check when certified equipment prints 
are available. At that time the bolt holes 
for the equipment base plates are also 
definitely located 

Most of the work already mentioned 
has been of a preparatory nature but 
now the purchases of the major equip- 
ment items begin 

When equipment bids are received a 
bid comparison is made by the project 
in order to 
compare the en rineering features of the 
various equipment. Often the bids offer 
different equipment for the 
service, in which case further dis 


engineer, or his assistant 


types ot 
as to pertormance are entered 
nto with the vendor's representatives 
the 
equipment ts 


the 


evaluation of 
the 
This empha 1Zes 
biel 


engineer 


und an comparative 


merits ot made 


mportance of hav 


ng the made by the 


then 


comparison 
sends it in 
to the purchasing department with his 
recommended supplier Although the 
privilege of final decision on purchases 


project who 


usually rests with the purchasing depart 
ment, the should be 
the final selection 


project engineer 
consulted or 
his 


atistactory equipment 


since if 


responsibility to select proper and 


Flow Diagrams Among the first 
drawings to be prepared is the engineer 
flow 


the plot 


ing diagram which together with 
plan the design 
plan, by which the whole plant is engi 
This flow diagram 
fant equipment and the interconnecting 
nes imstruments, ete 


cases the line size and specification are 


forms basic 


wered shows the 


valves In some 
imlicated on the lines of this diagram 


in other cases there is a line schedule 
tabvlation on one side of the drawing 
or a separate line schedule accompany 
ing each drawing 


the 


This schedule usually 


gives line number or 


designation 


service, size, pressure and temperature 
rating and piping specification. In or 
der to avoid a crowding of lines when 
the flow diagram is complicated, only 
the process lines are shown and separate 
utility flow diagrams are made showing 
the water, steam 


gas, etc., lines 


to each equipment item 


going 
Separ ute draw 
mgs are als the elec 
trical lines connecting up with the plant 
equipment and motors 

In the engineering the 
chemical plant special problems arise 
Flow and 


made wing all 


course of 


sheets 


calculations 


design 


have to be made for individual systems 
such as refrigeration, pressure reliev- 
ing, oil separators, waste disposal, and 
special instrumentation. The steam and 
water distribution to the various equip- 
ments is studied and the system so ar- 
ranged as to give the most economical 
operation. Time cycles of various oper- 
ations also have to be studied and co 
ordinated. 


Piping Drawings. At each equipment 
item detailed piping drawings are made 
showing plan views at several levels, 
, as the need in 
Similarly detailed 
drawings of structural steel work have 
to be made for building frames, equip 
ladders, 


elevations, sections, etc 


eat h case requires 


ment supports platforms etc 
Accompanying each of these drawings 
Bill of Material which lists all the 


material required to construct or fabri 


i a 
cate whatever is shown on the drawing 
These Bills of Material then furnish the 
basis upon which material for the plant 
is ordered 

Some engineering organizations base 
all purchase orders on Bills of Material 
however, it is 
all the 
items 


much simpler to order 


larger mechanical equipment 


including pumps, compressors 
heat exchangers and instruments on the 


basis of equipment schedules and speci 


fication This will leave piping, struc 
tural materials and miscellaneous items 
obtained from a deiailed take-off from 


drawings, to be purchased on the basis 


of Bills of Materials. In this connection 
it is important tor the job engineer to 
keep an up-to date master set of BM's 
unl mark opposite the various items 


which he orders, the purchase order 
number covering those items Fre 
quently, certain raw materials have to 


in time for fabri- 
steel, piping, im 


estimate 1s 


be ordered in advance 
cation, e.g., structural 
such cases an 
made on the basis of a rough material 
take-off and ordered on a Stock Bill of 
Material. Then‘as each drawing is pre- 
pared its are subtracted 
from the Stock Bill of Material and if 
additional ordered 

One of the the 
project engineer,.and ranking second in 
only to the purchase of 
is the guidance of the pro- 
This 


and coordina 


sulation. In 


requirements 
necessary material 
prime functions of 
importance 
equipment 
through the drafting 
the 
tion of the various groups in the draft 
ing working on 
foundations, structural steel, piping, ete 
As previously described this can be car- 


ject room 


requires supervision 


room vessel design 


ried out through a group leader in the 
dratting room, 

After sizing the pipe lines, a detailed 
pressure check of the whole plant should 
be made, based on the actual or tentative 
piping lavout. Where the pressure drop 
in a system is found to be excessive. it 
will be necessary to enlarge some line 
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sizes or raise the discharge pressure of 
some pumps or compressors. Where the 
situation warrants it, and time permits, 
the most economical pipe-size selections 
for the whole plant can be figured in 
accordance with the formula developed 
by Sarchet & Colburn (8). 

All drawings for the project are 
checked by the project engineer, or his 
assistants, and are distributed by him 
to the various parties concerned. Some 
drawings are transmitted to the pur- 
chasing department to be used as the 
basis for purchasing various materials. 
When drawings are finalized and all 
anticipated revisions have been made, 
copies are sent to the construction de- 
partment or to the construction super- 
intendent in the field. Among the first 
drawings required in the field are those 
for foundations and underground pip- 
ing, after which come equipment assem 
bly drawings and lastly piping draw 
ings 


Conclusion of Project 


In preparing for the initial operation 
of the plant detailed operating imstruc- 
tions have to be prepared which will 
describe the general procedure to be 
hazards 
be taken, and the anticipated operating 
The shutting-down proced 
for the 
operating log sheets are prepared as well 


used, involved precautions to 
conditions. 


ure is also desc ribed Forms 
as flagged flow diagrams (6) whereon 
to report conditions during operation 
In addition to furnishing an operating 
record of the plant, these form the basis 
for checking the actual operation versus 
the and 
information for making improved de 
signs of future plants 


designed conditions provide 
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OLUMBUS, in the center of the 

Buckeye state, will be host to 
A.LCh.E. members for the second time 
when they assemble Dec. 3-6 for their 
Forty-third Annual Meeting. Attend 
ance at the Columbus meeting in 1935 
was 235. This year, it is expected to be 
more than 1500. A well-known conven 
tion city, Columbus is well suited to re 
ceive and entertain the engineers and 
their ladies. 

Attractions of the December meeting 
will be the second Institute Lecture, a 
list of general papers, four symposia, 
the Awards Dinner on Tuesday evening, 
Dec. 5, and a wide choice of plant trips 
in the Columbus area. Carefully pre- 
pared programs for the ladies and spe- 
cial entertainment features are part of 
the plan to make the meeting an en- 
joyable one. 

Both the Neil House and the Deshler- 
Wallick Hotel will be used as headquar- 
ters. Registration headquarters will be 
at the Neil House. Members are urged 
to preregister for their greater conven- 
ience. 


Institute Lecture 


The Institute Lecture will be given 
by Olaf A. Hougen and will precede 
the business meeting on Monday morn- 
ing, Dec. 4. Dr. Hougen’s subject will 
be “The Status of Applied Kinetics.” 
This rapidly advancing field of chemical 
engineering js of prime importance in 


modern practice. For this reason, the 
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lecture will appeal to chemical engineers 
in all branches of the profession 
Conception of the Institute Lecture is 
credited to F. J. Curtis, Past President 
of A.L.Ch.E. His idea was that a criti- 
cal summarization of knowledge by an 
outstanding authority in some particular 
field would be highly beneficial to Insti- 
tute members. The first such lecture 
was given at the December, 1949, Pitts- 
burgh meeting by Prof. W. H. Mc 
Adams on the subject of heat transfer 


O. A. Hougen to Give Second Institute 
Lecture 


Awards at Banquet 


Chief interest at the banquet Tues¢ 
evening, Dec. 5, will center about t 
introduction of newly elected officers a 
the presentation of awards 


Professional Progress Award. Th 
award is sponsored by the Celanese Cor 
poration of America. It consists 
$1000 and a certificate given in recogni 
tion of outstanding progress in the fie 
of chemical engineering for the bette 
ment of human relations and circur 
stances. The award was first given 
1948 at New York to Dr. Allan P. C 
burn, University of Delaware. La 
year's recipient was Dr. Mott Souders, 
Shell Development Co, 


William H. Walker Award. Admin- 
istered by the Institute Awards Com- 
mittee, the award is presented to a mem 
ber of the A.I.Ch.E. who has made an 
outstanding contribution to the literature 
of chemical engineering. The purpose 
of the award is to stimulate interest in 
improving quality, clarity of expression, 
and practical utility of contributions to 
this literature. The recipient must be 
the author or coauthor of an outstand- 
ing paper published by the Institute 
during the preceding three years. In 
addition to giving the first Institute 
Lecture, Prof. W. H. McAdams, Massa- 
chusetts Institute of Technology, re- 
ceived the William H. Walker Award 
at the 1949 annual meeting. 
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Monday, Dec. 4, 1950 
Morning Session beginning 
at 9:00 A.M. 


L. MeCabe, presiding 
Second Institute Lecture..©) ./ 


gen, “The Status of 


Hou 
Applied Kinetics 


Annual Business Meeting A.1.Ch.E. 


Afternoon Sessions beginning 
at 2:00 P.M. 


Session No. 2 
(simultaneously with Session No. 3) 


Savage 


presiding 


Ceneral Technical Symposium 


Fundamental Factors Affecting Mass 
Transfer Rates on Bubble Plates. 
A. Gerster, W. FE. Bonnet and 1. Hess 


Di- 
and M 


Packing Efficiencies in a 1-foot 
ameter Column.../ Kyun 
Cannon 


Spiral Weave Metallic Cloth as a 
Packing Material for a Stripping 
Column. / A Irnold and RK 
Inacheo 


Heat Transfer From Parallel Plates to 
Air Flowing at Low Velocity. 
Irish and G. O. 


onstant Rate Filtration. 
ler Hoeve md ( 


Session No. 3 


O. D. Hughes 

Luke 

Ultrasomes Symposium 
Dudley Thompson, presiding 

asic Principles of the Application of 

Sonic and Ultrasonic Energy. 


Hiedemann 


n the Mechanisms of Biological Ef- 


ilowatts of Ultrasonic Power for In- 
dustry J. W. Butterworth 


ysical and Economic Limitations in 
the Application of Sonic and Ultra- 


sonic Energy to Industrial Processes. 
KW. Samsel 


Tuesday, Dec. 5, 1950 
Morning Sessions beginning 
at 9:20 A.M. 


Session No. 4 


(simultaneously with Session No. 5) 
Chemical Fngemeering m the 
(lass Industry 
postum 
lint, presudin 


Probleme in the Melting 
Glass larmar nd 


Sullroan 


Chemical Engineering Aspects of Flat 
Glass, Glass Block. and Foamgles 
Hi. Baker and A 


Glass—A Material for the Chemical In- 
dustry. ER. Shand 


TECHNICAL PROGRAM 


The Process of Fracturing of Glass.— 
Preston 
Session No. 5—Phase Equilibria 
Symposium 


W. C. Ldmister, presiding 

Isobaric Liquid—Vapor Equilibrium 
Calculations... /. Nord 

Pressure - Volume -Temperature- Compo- 
sition Relationships for Binary Hydro- 
carbon Systems, Part 
Isopentane. / I H 
imick and B. Johnson; Part II. 
Toluene-n-Hexane... F. Dodge and 
L. M. Watson 


Vaporization Equilibria of Methane at 
igh Pressure.../. //. Arnold 


Afternoon Sessions beginning 
at 1:50 P.M. 


Session No. 6-—General Technical 
Symposium 


(simultaneously with Session No. 7) 


Ww. Rogers, presiding 
Visual Perception and Learning. - 
iH. L. Sherman 


The Desi of Cold 
Rubber Larson 


Alumina Activated With Anhydrous 
Hydrogen Fluoride as a Dealkylation 
Catalyst for Aromatic Hydrocarbons. 
L.. Berg, O. Kindschy, S. Reveal 
and H. A. Saner 


Liquid-Phase Hydrogenation of Coal at 
Low Pressure.../. 1. Clark, RK. 
Hiteshue, H. J. Kandiner and H. H 
Storch 


Esterification—Continuous Noncata. 
lytic Production of the Lower Ace- 
tates._/.. Berg and J. A. Runbera 


Session No. 7—Phase Equilibria 
Symposium 


C. Edmuster, presiding 
Liquid-Vapor Equilibrium in Mixtures 
yA Hydrocarbons and Absorber 
ils.—/-. Solomon 


Vapor-Pressure-Temperature Correla- 
tions for Hydrocarbon Mixtures in 
Batch Differential Vacuum Distilla- 
tion. G. G. Lamb and 1. J. Sitar 


Liquid-Vapor Equilibrium Relations in 
ina Systems.—The Ethane-Ben- 
zene Aay and T. 


Vetens 


—— Liquid Equilibria for the Binary 
tem Hydrazine and ater. 
rk. Q Munger and J. 
Cle vd 


Hilson 


Wednesday, Dec. 6, 1950 
Morning Sessions beginning 
at 9:20 A.M. 


Session No. & 
(simultaneously with Session No. 9) 


Symposium on Processing of Viscous 
Materials.—/!. Araft, presiding 


Practical Mixing Techniques for Vis- 
cous Materials...//. Bullock 


Pressure D: of Fluid Polystyrene in 
Conduits. VW. Wiley and J. E. Pierce 

Heat Transfer in the Processing of 
Viscous Materials../. /. Keese and 
Perry 

Flow Properties of lastic Poly- 
mers. t T. Severs and R. L. Piatord 


Session No. 9—Symposium on 
Pollution Control 


R. D 


Air 


Hoak, presiding 


Techniques for the Study of Air Pollu- 
tion at Low Altitudes...//. /’. Munger 


Dispersion from Short Stacks..<. ./ 


Gosline 


and Sonic Precipitation. 
H.W. St. Clair 


Performance of 
Filters./ 


The Control of Air Pollution in the 
Chemical Industry... Sittenfield 


Industrial 
Silverman 


Aerosol 


Afternoon Sessions beginning 
at 2:30 P.M. 


Session No. 10—General Technical 
Sympostum 
(simultaneously with Session No. 11) 


B. A. Smith, presiding 
Drying of Drops. |! / 
Rk. Marshall, Jr 


Ranz and W 


Atomization of Water With Spinning 
isks.—C. K. Adler and W. R. Mar 
shali, Jr 


Atomization With Centrifugal Pressure 
Nozzles.—. Tate and W. R. Mar 
shall, Jr 


An Electronic-Drop-Size Distribution 
Analyzer._¢. idler, 4. M. Mark 
R. Marshall, Jr.. and R. W. Tate 


Centrifugal - Disk 
Friedman and S 
Varshall, Jr 


Atomization. 
1. Gluckert and U.K 


Session No, 11--Symposium on Air 
Pollution 


Rk. 1D). Hoak, presiding 


Disposal of Radioactive Gases.—!/. 


Principles for the Stud 
tion by Particulate 


Hemeon 


of Air Pollu- 
atter.—li. / 


Session No. 12 (following Session No 
General Technical 


Schoenborn 


Symposium.—/. \/ 
presiding 


Fluidization of Solid Particles.‘ /’ 
Toomey and H. F. Johnstone 


Continuous-Flow Stirred Tank Reactor 
Systems—Agitation Requirements. 
k. W. MacDonald and FE. L. Piret 


Correlation of Operating Variables In 


Dewatering by Centrifugation._/. /’ 
Rartkus and H. P 


Stmon 
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Patterned after the 
William H. Walker Award, but open 
only to Junior members, the Junior 
Award is similarly administered. Re- 
cipients are selected from among authors 
or coauthors of papers published by the 
Institute preceding three 
The Award, first given in 1945, 
was presented last vear to Edward G. 
Scheibel, of Hoffmann-LaRoche, Inc. 


Junior Award 


during the 
years 


A. McLaren Prizes 
Annual 


solutions 


White Award 
given to winners in the 
Student Contest for the best 
of a problem in chemical engineering. 
honor is the Institute's oldest, hav- 
ing been started in 1932. First, second, 
and third prizes, and occasionally more 
than honorable mention, 
awarded 


are 


one are 


Technical Program 


The program, which is listed in this 
issue, promises to be both full and in 
teresting. In addition to a varied group 
of general papers, four symposia of four 
to eight papers each have been planned 


ltrasonics This 
scheduled for Monday afternoon 
4, with Dudley 
Polytechnic Institute, as chairman. It is 


symposium — is 
Dec 
Thompson, Virginia 
a continuation of previous symposia held 
at the Houston and Swampscott Reg 
ional meetings. In view of the interest 
created in this new chemical engineer 
ing tool, this symposium will continue 
to attract a large number of engineers 


Chemical Engineering in the Glass 
industry. On Tuesday morning, Dec. 5, 
four papers will be presented which deal 
with various aspects of the glass indus- 
try. The increased use of glass in var- 


Seated (left to right): F. D. Peterseim, Battelle Insti- 
tute, Plant Trips; R. C. "Brad Ohio State University, 


Plant Trips, and E. 
Registration. Standing: 


Brad 
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. Battelle Institute, 


i Jacobs, Ironside Co., Printing. 


Aerial View of Ohio State University Campus. 


ious forms in plant construction, process 
equipment, and packaging will be em- 
phasized in this timely symposium pre- 
sided over by F. C. Flint, Hazel-Atlas 
Glass Co., Washington, Pa. 


Phase Equilibria. Wayne C. Edmister, 
Carnegie Institute of Technology, con- 
tinues a symposium initiated at Hous- 
ton. Originally scheduled for only the 
Houston Minneapolis Regional 
meetings, the interest and response were 
such as to justify the Tuesday morning 
and afternoon session at the Columbus 
meeting. Eight papers will deal with 
such topics as phase relations in hydro- 


and 


o-Chairman. 


Seated: Mrs. W. T. Maidens, 
W. T. Maidens, American Zinc Oxide Co., Plant 
Standing (left to 
we ey and J. H. Koffolt, Ohio State University, 


carbon and hydrazine-water systems 
well as correlation methods. 


Air-Pollution Control. The chemi 
industry, among t 
leaders in applying the most advance 
knowledge to the solution of its pre 
lems 
of its responsibility 
matters concerning pollution of t¢t 
atmosphere and waterways. This sy 
posium will describe some of the effo 
of chemical engineers to avoid and ce 
bat air pollution. Six papers, comprisi 
measurement and preventative proc 
(Continued on page 29) 


process always 


has, for a long time, been awa 
to the public 


Ladies’ Committee, and 
Trips. 


ight): F. C. Croxton, Battelle Institute, 
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HE Twin City Section of the 
A.L.Ch.E. opened the doors of hos- 
pitality, in the land of the sky-blue 
water, for five-hundred chemical engi- 
neers last month. The Minneapolis-St 
Paul local section, which is less than 
a year old, staged smoothly and effi 
ciently the largest technical program 
ever given at a regional meeting of the 
A.LCh.E. The double sessions, which 
are getting to be standard at Institute 
meetings owing to its growth, were 
well attended, as were the plant trips 
in an industrial area which is the largest 
flour-milling center in the world and 
hich processes most of the country’s 
axseed into linseed oil and oil cake. 
Imder the leadership of the General 
hairman Robert J. Foster, the local 
roup achieved a cohesiveness in oper- 
tion which helped make this meeting 
s efficient and memorable as those run 
y older and more experienced local 
roups 


One of the most interesting develop 
ents during the meeting was the man 
rement test given the first morning, 
Ss part of the symposium organized by 
ren P. Scoville of Jefferson Chemical 
o., on What Should You Know about 
lanagement. A group of 182 chemical 
mgineers took the test of the American 
fanagement Association entitled, “Self- 
Quiz for Supervisors and 
The engineers 
The quiz, which was devised 
Rexford Hersey, associate professor 
industry, Wharton School of Finance 
Commerce, University of Pennsyl 
nia, was divided, Part I having 58 
estions and Part IL having 29 ques- 
tions. According to the management 
expert, if more than three questions 
were missed in Part 1, it indicated that 
knowledge of good supervisory prac- 
tices was on the weak side and needed 


nalysis 
chemical 


unked 


$s. L. ty, Secretary of A.L.Ch.E., and 
Edgar L. Piret, Univ. of Minn. Techni- 
cal Program Chairman 


MANAGEMENT THEME DOMINATES 
MINNEAPOLIS MEETING 


careful scrutiny. As a group the 
chemical engineers missed six questions, 
both as an average and as a median, 
with the mode (the number which 
turned up most frequently) as 4. That 
some chemical engineers were good 
supervisors, according to the test, was 
indicated by the range of missed ques 
tions, which began at one wrong, and 
that some chemical engineers were badly 
in need of supervisory training was in- 
dicated by the upper limit of the range 
15 missed 


R. J. Foster, General Mills, Inc., Chair- 
man, Committee on Arrangements. 


For the second part which was in- 
tended for those on higher supervisory 
“more than four 

‘is indica 
tive of weakness in knowledge of man 
and in analytical 


or executive levels 


errors,” said the test pretace 
agerial 
ability.” 

Again as a group the chemical engi 
neers failed. This time worse than be 
fore. The number wrong averaged 10.5, 
the median was 10, the mode was 9, 
with the range being zere to 21 


principles 


Indications that chemical engineers 
had flunked were given before the 
meeting disbanded, and most of the 


difficulty was attributed to the speed at 
which the test had been given and the 
informal which 
tendency to misunderstanding the ques- 
While there was no demand for 
a recount or tor a re-pertormance, it 
was strongly intimated that this possibly 
Amer 
that it did not have 
the chemical engineer's unique approach 
to the 
questions. 

Members of the American Institute 
Engineers and their 
guests were welcomed to Minneapolis 


conditions fostered a 


thons 
indicated something wrong with 
ican management 


problems represented by the 


ot Chemical 
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by Lioyd A. Hatch, vice-president 
of the Minnesota Mining & Manu- 
facturing Co. In his address Mr. Hatch 
remarked that he was favorably im- 
pressed as the meeting program held 
two symposia which departed from the 
strictly technical aspects of chemical 
engineering, namely the management 
and economic symposia. He stressed the 
idea that 
sponsibility to society is more important 
than his technical contribution to indus- 
try. He is important, he said, to the 
theoretical sciences of physics and 
chemistry for the translation of their 
ideas into production ; to financial inter 
ests for developing the methods of gain- 
fully employing capital, to labor for the 
means of creating new jobs; and to the 
consuming public in order to raise its 
Mr. Hatch voiced 
that papers on management 
and the chemical engineers’ relation to 
society would become 
A.L.Ch.E 
highly proficient technical men,” he said, 
“are economically speaking, quite illit- 
erate. The chemical engineer must be 
better trained to think through his 
problems and his relations.” This re- 
sponsibility, he explained, cannot be left 
entirely up to the universities. Older 
men in industry must devote more of 
their time to the men that will 
day succeed them 


the chemical engineer's re- 


standard of living 
the hope 


a part of every 
meeting program. “Too many 


one 


Technical Sessions 


The technical program Monday morn- 
ing began with two symposia, one on 
phase equilibria and the other on prob 
lems* of management. Both continued 
through morning and afternoon sessions. 

The two sessions on phase equilibria 
were conducted by W. C. Edmister, 
Carnegie Institute of Technology, who 
initiated a series of symposia on this 


Lloyd A. Hatch, Vice-President, Minne- 
sota Mining amy, Co., chatting with 
W. L. McCabe, President, A.I.Ch.E. 
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Rear: 

Co.; R. A. Buckley, Univ. of Wisconsin; 

A. Kivinik, Univ. of 

T. Baron, 

a Shell Development Co. Front: 
Ww 


construction symposium, 
i 


Du Pont Gas 
Dow Chemical Co., 
R. Minevitch, E. B. 


J. 
Badger & Sons Co., sympos- H 


ium lea 


D. L. Katz, Univ. of Michigan, and 
W. E. Lobo, M. W. Kellogg Co. 
subject at the Pittsburgh Annual Meet 

ing in 1949 

The symposium 
Know About 
over by L. P. 
ical Co., 


“What Should You 
Management,” presided 
Scoville, Jefferson Chem 
was extremely popular. In his 
opening remarks Mr. Scoville pointed 
out that chemical engineers have an 
excellent background and training for 
proceeding to high managerial positions 
He cited, to prove his pornt, the names 
of several engi- 
who have become presidents of 
large companies in the’ chemical indus 
try 

Chaplin Tyler, Du Pont Co., asked 
the question m the title of his presen 
tation, “Are You of Executive Cali 
ber?” He submitted a yardstick, which 
was developed from 30 years’ observa 
tion of a number of executives at work 
in various levels of 


well-known chemical 


neers 


management, by 


The Public Relations Committee 
at work: C. W. Bentz, L. D. Mc- 
Clusky, Minnesota Mining & Mfg. 
Co., and W. M. Podas, Chairman, 
Economics Lab., Inc. 
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Chae Potter, 


H. B. Irvin, Phillips Petroleum 


Pennsylvania ; 
Univ. of Illinois, and C. E. 
Baker, Univ. of Wisconsin; 
Columbia University; 
Kandiner, U. S. Bureau of Mines. 


which to measure attributes of leader- 
ship. 
Stanley P. 


Farwell, Business Re- 


search Corp., held an attentive audience 


with his paper, “How is Your Salary 
Determined?” He spoke in favor of all 
companies having a definite salary 
policy including one for high level posi 
tions. The crux of any salary policy, 
he continued, lies in a proper job evalua- 
tron program 

“Applied Reaction Kinetics” 
title given to a third symposium presided 
over by R. H. Wilhelm, Princeton Uni 
versity. Nine papers covering the sub- 
ject were presented. J. R. Caddell and 
D. M. Hurt, Du Pont Co., in their 
paper, “Principles of Reactor Design,” 
extended the number-of-reaction-unit 
concept to cover other than first-order 
reactions where its use originated. 

H. B. Ogburn and R. H. Wilhelm 
presented results of an electric analogue 
analysis of conditions existing in fixed 
bed catalytic reactors. an ex- 
perimental system the catalytic hydro- 
genation of ethylene, a comparison was 
made calculated and experi- 
mental results on temperature gradients 
and conversion levels. 

“(Quantitative Economics in the Esti- 
mation of Risk Factors in Capital Ven 
tures” was the title of a fourth sym 
posium organized by Mott Souders, Jr., 
Shell Development Co. The introduc- 
tory paper was given by Mott Souders, 
Jr., “Population, the Base of the Econ 

(Continued on page 39) 


was the 


Using as 


between 


A. G. Smith, C. C. Japs and R. W. 

Schilling of Minnesota Mining & 

Mfg. Co., members of the Registra- 
tion Committee. 


L. P. 


Scoville, Jefferson Chemical Co., 
who presided over the Management Sym- 
posium; R. H. Wilhelm, Princeton Uni- 


versity leader of Reaction Kinetic Sym- 
um; Chaplin Du Pont 
. H. Goss, illsbury Mills, Inc.; A. w 
deVout, Swift & Co. (top to bottom). 
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Chemical Construction Corp., New York, has deve ’ 
sulfuric acid manufacture which eliminates seven major items of equipment, and 
a commercial-size plant, shown above, embodying the new design has been in 
operation since early June of this year at American Cyanamid’s works at Hamil- 
ton, 

The new design is simpler than the conventional contact process, and represents 


a new design in contact- 


an estimated saving of as much as 20 per cent the present capital cost of a 
medium sulfuric acid plant. 

The new process followed the development of a quench converter, bubble 
absorbers, using evaporative cooling, and a low cost Pease-Anthony venturi 
sulfuric acid mist eliminator. iat 

Traditional components of conventional contact installations which were elimi- 
nated were a drying tower, gas filter, heat exchanger between primary and 
secondary converter, sulfur trioxide cooler, acid coolers, acid transfer pumps and 
piping, and the dilution system, consisting of dilution tank, pumps and cooler 
sections. 

Elimination of the drying tower made it necessary to omit all heat-exchange 
surfaces as potential corrosion hazards and the quench-type converter was de- 
veloped to solve the problem of interstage cooling. 

Catalytic oxidation of sulfur dioxide is carried out in four successive stages. 
Temperature control is effected by admitting cold, atmospheric air between the 
converter stages. 

With burner gas containing 12 per cent sulfur dioxide by volume and using 
a catalyst loading equivalent to that of conventional contact converters, con- 
version of SO, to SO, in excess of 99% is claimed. The entire heat load provided 
by the sensible heat of the gases leaving the converter as well as the heat of acid 
formation is removed by evaporation of water in a staged absorption system. 

This design will produce 95% acid. Acid transfer is by gravity. 

The venturi scrubber is essentially a venturi tube. Mist-laden gases leaving 
the low-stage absorber ars scrubbed in the throat at a high velocity by means of a 
recirculated stream of dilute sulfuric acid solution. The high degree of turbulence 
prevailing in the venturi throat achieves intimate contact between the gas and 
scrubbing medium. Entrained liquid leaving the venturi is removed from the 
gas stream in a cyclone mist separator. Exit gases contain only about one tenth 
of the acid mist which leaves a conventional contact plant absorption tower. 


PITTSBURGH DIF- 
FRACTION CONFERENCE 


The Eighth Annual Pittsburgh Con 
ference on X-Ray and Electron Diffrac 
tion will be held at the Mellon Institute 
Pittsburgh, Pa. Nov. 2-3, 1950. Two 
distinguished French scientists will ad 
dress the conference, which will sponsor 


conterence dinner will be held Nov. 2 
ut the Faculty Club of the University 
of Pittsburgh 

lhe tentative schedule includes a sym 
posium on Small Angle Scattering, on 
Silicate Chemistry, Instrumentation, and 
one on Metals 

Write for information to C. W. Cline 
\luminum Research Laboratories, P.O 
Box 772, New Kensington, Pa 


un exhibit of diffraction cameras and 


other accessories and equipment. The 


CHEMICAL ENGINEERING PROGRESS 


C-BLACK PLANT FOR 
WITCO-CONTINENTAL 


Organization of a new company, Con- 
tinental Oi! Black Co., was announced 
last month by R. IL. Wishnick, president 
of Continental Carbon Co., and L. F. 
McCullom, president of Continental Oil 
Co., joint owners of the new enterprise. 
A $1,500,000 plant will be erected at 
Lake Charles, La., designed to manu- 
facture 25 million pounds annually of 
high abrasion furnace black from oil. 
The announcement followed action by 
the Louisiana Board of Commerce and 
Industry in approving a ten-year tax 
exemption for the new plant. 

Contracts for the Lake Charles car- 
bon black plant have been signed and 
construction will begin immediately. 
The plant will be located just east and 
adjacent to Continental Oil's refinery 
and is scheduled for completion early in 
1951. 

Raw material for the new plant will 
be piped direct from Continental Oil's 
refinery. 

The recent government directive de- 
signed to conserve the use of natural 
rubber, plus the rise in the use of “cold 
rubber” is expected to stimulate sub- 
stantially the demand for high abrasion 
furnace black. A portion of the output 
of the carbon black will be funnelled into 
the expanded synthetic rubber produc- 
tion along the Guli Coast. 

The Witco Chemical Co. of New 
York will be distributors of the plant's 
production. 


NEW FURFURAL 
PRODUCTION UNIT 


A new plant to make furfural is under 
construction in Omaha, Nebraska, for 
the Quaker Oats Co. This plant will 
be similar to the Quaker plant located 
at Memphis, Tenn., which was pur- 
chased for approximately $1,500,000 in 
1946, However, the plant at Omaha will 
contain no power plant and the Omaha 
Public Power District will furnish 
processed steam and power The 
Omaha plant brings the total number of 
Quaker plants to 15 major units located 
as far East as Depew, N. Y., and on 
the West Coast in Los Angeles and 
Portland. However, furfural is pro 
duced only at Memphis and Cedar 
Rapids, Towa. 

Furfural, known chemically as an 
aldehyde, grew to industrial importance 
as a solvent. First produced in a Ger 
man laboratory, it was once imported 
by the United States in minute quanti 
ties, at $1.50/ounce. Research by The 
Quaker Oats Co. made the chemical 
available commercially in 1922, at 
$2.50/Ib. Today, however, improved 
production methods have brought the 
price down to a fraction of this price. 
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General American Offers the First Basic 
Gasholder Improvement in 25 Years 


WATER! 

TAR! 

GREASE! 


NO OPERATING LOW FOUNDATION NO SERVICING WEATWER HAZARDS 
cost! cost! cost! UCKEO! 


Keeping pace with the leaps-and-bounds growth of the chemical 
process and industrial gas industries, the Wiggins Gasholder brings 
new simplicity, new economies, new safety to gas storage The 
Wiggins dry seal principle is proved by 15 years’ service in the field 


New simplicity! There's no water to freeze, contaminate the 
gas, or accelerate corrosion No winter worries because of tar or 
grease At last—a weatherproof gasholder' 


New economies! Savings start right with the foundation which 
can be built /ighter because there's no water load to support 
Eliminated, too, are the critical tolerances and delicate assem- 
blies of conventional gasholders. There's no need for constant 
inspections and maintenance. What's more, long range remote 
operation is now possible. 


New safety! Explosive or toxic mixtures cannot accumulate 
above the piston and are controlled by complete ventilation. 


Wiggins Gasholders operate at any pressure up 
to 20° of water. They can be built in capecities 
from 1,000 cubic feet to 10,000,000 cubic feet. 


EVERY PROCESS 


ENGINEER SHOULD GENERAL AMERICAN TRANSPORTATION CORP. 
INFORMATION ON 135 SOUTH LASALLE STREET « CHICAGO 90, ILLINOIS 
THE WIGGINS District Offices’ Buffalo Cleveland Dallas Houston « Los Angeles 
GASHOLDER New Orleans « New York « Pittsburgh . St. Louis « San Francisce 
—write for Technical Seattle - Tulsa « Washington 
Bulletin No. WGI2 Export Dept., 10 East 49th Street . New York 17, New York 
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SAFETY—EVERY 
MAN'S OBLIGATION 


The President's Conterence on Indus 
trial Safety and the U. 5. Department 
of Labor have published a pamphlet on 
Labor-Management 
Satety 


The pamphlet details the 


Cooperation tor 


prim iple 
approved by the Committee on Labor 
Safety, 
and the Department of Labor has made 


Management ooperation tor 
a liumted supply of extra copies available 
for distribution to companies interested 

The committee found that safety pri 
marily is the legal and moral obligation 
of the employer, and the pamphlet gives 
several principles that should be fol 
lowed 

For 


are cooperating with the Department ot 


those im the chemical field who 
Agriculture's drive to reduce industrial 
accidents 50% by 1952, the publication 
summary of the 


contains a valuable 


philosophy of safety 


A. D. LITTLE CONTRACTS 
TO BUILD DRUG PLANT 


Arthur D 
Mass 


zation, has 


Little, Ine., 
research and engineering organi 
and 
construct a new pharmaceutical plant in 
Angeles for Riker Laboratories, 
Inc., a subsidiary of Rexall Drug Co 
The new plant will produce Veriloid, a 
purified and standardized extract de 
rived from Veratrum used in 
treatment of hypertension. The crude 
botanical drug has long been known to 
be useful in reducing high blood pres- 
sure but has not previously been avail 
able in a satisfactory form 

Arthur D. Little, Inc., cooperated 
Riker Laboratories, Inc., in. the 
pilot plant stage of the development ot 
the process and has designed the com 
plant will procure 
equipment construction, in- 


Cambridge 


contracted to design 


Los 


virice 


with 


mercial and now 
supervise 
stallation 


plant 


and start up the commercial 


AAAS. TO MEET 
IN CLEVELAND 
The 117th meeting of the American 
Association for the Advancement of 
Science, the annual meeting for the vear 
1950, will be held in Ohi« 


Dec. 26-30. Programs i princi 
pal field of se 


Cleveland, 
every 
from astronomy to 
planned. All 17 of the 


sections and 


ence 
roology are 
Association's subsections 
and more than 40 participating societies 
and organizations, are completing plans 


for an aggregate of more than 200 


Se 
An extensive 


Series Of tours to mu 


and = industria! 
plants of the Cleveland area has been 
The Annual 
in the arena of Cleveland's Public 


laboratories 


planned Science Expos 
tion 
Auditorium, with some 150 booths, will 
be almost twice as large as that of the 
recent New York annual meeting 

For the 


pl anned 


engineeTs eght Sessions are 
programs with 
A.S.M.E 


Society 


jommt separate 
the Cleveland section of the 
the Cleveland 
Institute of 
three-session symposium on Partnership 


of Industry and Science in Research 


Engineering 


( ase Technology, and a 


C.A.R.E. NEEDS BOOKS 
FOR LOUVAIN LIBRARY 


CARE UNESCO Book Fund re 
cently known its intention of 
channeling donations for recent books 


made 


in English to fill some empty shelves of 
the Library of the University of Lou 
vain Belgium library 
destroyed in World War I and though 
the building has been restored, shelves 


Was 


replaced and some books collected, the 
through American 
research and progress which continued 
during that 
available to Louvain and other 
abroad \ bookplate 
with the name of the donor's organiza 
tion will be inserted on all gifts ot 
$10.00 or more 

On the walls of that library is the 


knowledge gained 


war has not been made 
univer 


ities inseribed 


following inscription 


In Memory of the Engineers of the 
United States of America, who gave their 
lives in the service of their country and its 
Allies in the Great War 1914-1918 The 
Carillon and the Clock in this Tower have 
been given to the University of Louvain by 
members and friends of the American So 
ciety of Civil Engineers, American Insti 
tute of Mining and Metallurgical Eng 
neers, the American Society of Mechanical 
Engineers, American Institute of Electrical 
Engineers, the Society of American Mili 
tary Engmers, Army Ordnance Associa 
tion, American Society of Naval Engineers 
American Society of Consulting Engineers 
American Institute of Chemical Engineers, 
American Railway Engineering Associa 
thor American Society of lleating and 
Ventilating Engineers, American Society 
of Refrigerating Engineers, [luminating 
Engineering Society, Institute of Radio 
Engineers, Society of Automotive Engi- 
neers, Society of Naval Architects and 
Marine Engineers 


Flavel Barnes, advisor, book program, 
asks im a recent communication 


“Will you 


Louvain by 


help your chimes (chimes 
engineering 
first World 
a hbrary that so adequately 
Europe The mantel of 
technical progress has been placed on our 


associa 


War) t 


giver te 
tions following the 
ring, agam over 
serves northern 


shoulders 


More information is 
Mr. Barnes and C.E.P 


to forward to him any 


available from 
will be pleased 
communications 


our members might have 
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CAST RESINS FOR 
PROCESS EQUIPMENT 


Chemical process equipment, made of 
synthetic resins and designed for use 
under corrosive conditions is newly an 
nounced by the General Ceramics and 
Steatite Corp. 

Trade named Kemplas, the new equip- 
ment is made of modified phenolic re 
sins developed and produced by the 
Salt Manufacturing Co 
The resins are either cold-cast or lami 
nated with glass cloth and molded into 
equipment ts 
lightweight and yet stronger than con- 
normally 


lennsylvania 


desired shapes. The new 


struction materials used in 
such equipment 

On one corrosive application, General 
reported that 60% 


hydrofluoric acid at elevated tempera 


Ceramics with a 
tures towers, pumps and miscellaneous 
fittings of Kemplas were used and after 
two years showed no trace of corrosive 
attack. In another pumps 
with Kemplas material handled a com 
and hydrofluoric 


for 12 times as long as 


case, lined 
bination of sulfuric 
acid at 160° F. 
any special material previously used 

Cast can be machined and 
threaded in the field and, during instal 
lation, can be joined to one another by 


resin as the 


pieces 


cementing with the same 


parent pieces. Laminated pieces and 


equipment are used for situations re 
quiring extra strength for support or 
under conditions of shock and can be 
field-cut by ordinary machine shop tech 
niques. Flanging, and joining can be 
accomplished at the point of installation 
by using wrapped, cemented joints 
Kemplas resins are stable up to 370° 
F. and the maximum 
operating temperature to afford a mar 
gin of safety is 350° F. The materials 
are resistant to virtually all acids except 


With 


resin 


recommended 


highly oxidizing acids certain 


modifications to the equipment 
can be made up that will withstand de 
finite concentrations of alkalies within 


certain temperature limitations 


INDIA SECTION ELEC- 
TROCHEMICAL FORMED 


The Electro 


chemical Society, Inc 


India Section of the 


was recently or 


ganized with headquarters at Bangalore, 
It is the first section to be formed out’ 
side the United States 


Officers of the section are: Chairman * 
B. K. Ram Prasad, Vice-Chairman K 
L. Ramaswamy who is a member of 
A.LCh.E. and’ J. Balachandra, and 


Secretary-Treasurer, T. L. Rama Char 
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Why refractory 


manufacturers prefer 


Alcoa Aluminas 
for their mixes 


Ceramic engineers know that the performance of 
refractories is stepped up when the mix contains 
alumina. They also know that the higher the 
alumina content, the better the refractory per- 
formance. 

But even more important, from the performance 
standpoint, is the uniform high purity of ALCOA’S 
complete line of aluminas. This uniformity of the 
various aluminas permits the refractory manufac- 


turer to set higher guaranteed minimums, and to 
obtain higher rated performance than would be 
possible with aluminas of lesser uniformity or of off eve 


lower purity. of pounds of ALCOA Aluminas per day. Readily available—from a 
Chemicals sold under the “ALCOA” trade- single bag to a train load, 
mark are unsurpassed in quality, vet they are 
available in large quantities at low cost. 
We have a number of reprints of articles, taken 
the literature regarding the performance of 
ina-content refractories. Let us send you 
copies of these statements prepared by refractory | ALUMINAS and FLUORIDES 
engineers who use ALCOA Alumina. Write to: « 
Avumivum Compasy or America, Curwicats + TABULAR + LOW SODA ALUMINAS 


- To > ALUMINUM FLUORIOL SODIUM FLUORIDE + 
Division, Gulf Building, Pittsburgh 19, Pa. ACID FLUORIDE FLUOBORIC ACID + CRYOLITE - GALI 
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SAFETY HEAD RUPTURE DISCS 


through relief The selection of the proper metal for the rupture disc 
-r— A gan is based upon the conditions of a given application. 
such as size. p ry ature and vessel contents. 


BS4B rupture discs are offered in metals listed below. 


MINIMUM BURSTING PRESSURE OF 
2" 


Are... 


+ @ pre-tormed metal rupture disc and two 


ciall 


Correct element 


resistant metals are used in fabrication of the rupture 
disc. which bursts when a pre-determined pressure 
is reached. Instantly a fully unrestricted escape 
for gases and liquids takes place. No other relief 
device acts so quickly as the BS4B SAFETY HEAD. 


HOW THE NEW T-ASSEMBLY SAFETY HEAD WORKS 


Viscous material washes against the rupture disc 
as it flows through the curved channel indicated 
by the shaded portions of the diagram. The 


material moves on through the p ge i no 
undue pressure rise occurs. However. if the 
passage b blocked. such rial will 
tend to solidify quick! si a dang 


pressure rise. In that case. the SAFETY HEAD 
rupture disc bursts and the pressure is given 
a tully unrestricted opening. 


The following table gives the approximate minimum 


bursting pressure for a rupture disc of a given material 


in the 


various sizes of SAFETY HEADS. 


These figures are the practical minimum bursting 


pressures. In some cases we can furnish rupture discs 


for pressures below those shown. 


SAFETY HEAD RUPTURE DISC 


ator must be installed Oraphrogm Materia %” 1% 6 10” 12 16” | 20° | 24° 
between rupture disc 
Aluminum 150 | 130] 100] 80 | SO] 40] 35] 25 | 20] 19] 18 | 17] 16 
| Aluminum Leod Lined 200 | 175 | 135/ 120] 65 | SO] 40 | 30 | 20] 19] 18 | 17 | 2) | 20 
$ & BRYSON, inc. Carbon Steel 1750 | 1200 | 750] 300 | 300] 200] 11S] 105] a5] 65] «0 | So] 62 
Dipped (bot ides), 330 225 | 175] 120] 65] so] 25 | 35] 42] Ss] ss] 70] 60 
Inconel 775 | S28 | 410] 260] 105] 82] 61 | 48 | Specs 
Monel S70| 390 | 280) 190] 115] 75] 65] So] 39] 33] 360] 270] 215] 178 
Nickel 600 | 400 | 195| 115] 110] 100] 75 | 60 | 47 | Speci’ 
Plotinum ~ 280 | 200| 120; 65 | 45] 35 | 26] Seecio 
Silver 250] 175 | 125] 95 | 40] 35] 32] 27 | Special 
Stoinless Stee! (347) 560 | 280 | 160] 115] 90 | 70] 55 45 | 160} 120 | 9 | 140 


Get this Catalog 
Technical data compiled 
especially tor the chemical, 
petroleum, refrigeration 
and air conditioning indus 
\ tries. Proven protection for 
expensive equipment. 
Check. sign ond mail cov 
poe te today 


How You Can Use Them: 


The BS&6B SAFETY HEAD consists of three principal 
parts .. 


A SAFETY HEAD at the reliei 
outlet will stop leakage until rup- 
ture disc bursting pressure is at- 
tained. Not recommended where 


of the valve. Investigate your 
valve design belore using this 
type of installation. 


restricted. pipe epening is 
atiorded. The Sqfmiy Head used as 
the secondary device, would 
heve rupture bursting pressure 
considerabi¢ Bigher than spring 
setting of waive, 
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LETTER TO THE EDITOR 
HUMANIST AND ENGINEER 


Sw 

I should like to express my gratifica- 
tion upon reading the Opinion and Com- 
ment by J. Henry Rushton in the 
August, 1950, issue of Chemical Engi- 
neering Progress. Dr. Rushton has ex- 
pressed his conviction that engineering 
and humanism should not be divorced, 
but that, to the contrary, they should be 
“cross-fertilized.” In particular, Dr. 
Rushton calls for application of the 
engineering viewpoint to the solution of 
social and legal problems. Since this 
view is entirely in accord with my own 
attitude, | must necessarily express my 
admiration for his keen insight into this 
important problem 

As one who has participated im a 
minor way in the development of the 
atomic bomb, it is my firm belief that 
engineers must shoulder their respogpi 
bilities toward society and huma 
and that they cannot in good consci 


delegate these responsibilities to ot 
As engineers, we must realize that 
have created materials, equipment, 
production methods which can be 
ever-increasing boon to mankind 
which can be the means for effectua 
a gigantic destruction of humanity 
of civilization. It is imperative that 
abandon the too-prevalent attitude 
many, if not most, technologists that 
are specialists, and that we should 
satisfied to do our best in our own fi 
while leaving social and legal prob 
to others who are specialists in hu 
relations. To do this is to reling 
our status as men and to become a 
of the machinery we have created 
to admit the 
others may be “humanists,” we are 
humanists,” 

If it were altogether true that 
neers are so specialized as to be in 
able of contributing to the control 
the society they have helped to create, 
it would not excuse us from our moral 
responsibilities. We must not put our- 
selves in a position similar to that of 
the German doctors during World War 
Il, whereby they complacently per- 
formed sadistic and inhuman “experi- 
ments” on living people claiming that 
their activities were purely scientific and 
that any moral accountability should be 
charged to the politicians. We are re- 
sponsible for what we do or what we 
fail to do, regardless of our desire to 
avoid liability. We cannot be amoral; 
we shall either be morally right or mor- 
ally wrong. As engineers, we are inter- 
ested in results. Is it not vital, there- 
fore, that the work which we perform so 
capably and so thoroughly shall not be 
(Continued on page 36) 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


A Review Book Only 


Industrial Instrumentation. Donald P. 
Eckman. John Wi & Sons, New 
York, N. ¥. 1950. pp. $5.00 
Reviewed by H. I Fisher, Control 

Engmeer, Niagara Blower Co., New 

York, N. J) 


HE preface honestly states the pur- 

pose of this book to be 
the principles used in various types of 
industrial instrumentation. The 
is brief in each case, too brief in many 
to the 
extent that neither advantages nor dis 
This is left 
In fact the reader, 
who ts not experienced in the subject, 
would ditheult time selecting 
mstruments for a particular application 

The 
uates in engineering who have control 
problems to with reference to 
work. It is not of particular 
interest to apple ation engineers because 


a review ot 
review 
instances and absolutely academic 
vdvantages are 


expressed 
entirely to the reader 


have A 
intended for undergrad 


solve 
prin ess 
most of them are familiar with the sub 


ject matter covered. An exception to 


this statement could be made regarding 
the first chapter. The author has done a 


good job in discussing the Qualities of 


Measurement, and to assist the applica 


tion engineer im discussing his problems 
with a specialist in instrumentation, a 
great deal can be learned 
mstrumentation 

Chapters 2 


view oft 


Definitions of 
terminology are good 
through 10 cover the re 
principles used in 
aneasurement and are too brief 


of the 


physical 
Actually 
chapters discuss subjects 


which require an entire volume, such as 
hapter 6, Methods of Composition 
In direct contrast Chapter 10 
on Flowmetering is too long 
with details 
interest to practical engineers 
Chapter 11 
ts excellent 


Analysts 
and deals 


most of which are of no 


Process Instrumentation, 
Most processing plant man 
agers would protit by reading this chap 
ter, and therefore, many of the operating 
superintendents and 


production engi 


neers would also tind information which 
would be useful to them. The purpose 
of a control center, when it is desirable 
and when it is not needed is discussed 
Plant layouts referring to instrumenta- 
tion, different methods of applying in 
struments many 


are presented for the 


and similar problems 


design en 
as well as 


gineer ther plant people 


The appendix little 


value because most data are available in 


cems to be of 


a more complete form somewhere else 


The instrument engineer has this in 
formation, and others are not particu- 
larly interested in it 


Perennial Question—Can 
Machines Think? 


Giant Brains or Machines That Think. 
E. C. Berkeley. John Wiley & Sons, 
Inc., New York, N. Y. 270 pp. $4.00. 
Reviewed by Don Lebell and W. ( 

Hurty, in charge of University of Cali- 

fornia's Los Angeles Campus Engineer- 

mg Computing Facility 


N this book Mr. Berkeley has at- 

tempted to supply information on 
computing devices to readers having 
While this is a 
worth-while goal it is a particularly diffi- 
cult task to perform in a field as highly 
specialized and that of 
computers. 


varied backgrounds 


technical as 


Keaders having experience with com 
puters and mechanical computing meth 
ods may find Mr. Berkeley's book lack 
ing in depth while the layman with no 
technical training will have considerable 
difficulty with parts of the book. It 
should be of greatest value to the reader 
with little or no previous knowledge of 
computers but with some broad technical 
background. To many people the pre- 
sentation may seem immature because of 
the author's obvious efforts to achieve 
clarity and 
simple, unexplained 


leave no however 
But, despite these 
objections the book will arouse consider 
able interest especially among that large 
group of lay have little 
interest in the rigor of formal technical 


pornt, 


readers who 
education but who are, nevertheless, fas- 
cinated by the advancing technology of 
the present day 

In addition to a discussion of the 
principles of a simple computer, punch- 
card machines, differential analvzers, 
IBM automatic sequence-controlled cal 
culator, ENIAC, general purpose relay 
calculator, and a logical truth calculator, 
the text into the 
types of problems computers may solve 


includes excursions 
in the future, their possible effect on 
man, and their control by society 

Mr. Berkeley into the 
question “can think?” Ulti- 
mately, this can be answered 
only by careful consideration of one’s 
thinking. However, the 
will evoke interest 
reader to think about 


also delves 
machines 


question 


definition of 
author's viewpoint 
and stimulate the 


these matters 


CHEMICAL ENGINEERING PROGRESS 


Variorum Edition on Elements 


McGraw-Hill Book Co., Inc., 

York. (1950) 329 pp. $3.00. 

Reviewed by Ralph R. Wenner, Mon- 
santo Chemical Co., Dayton, Ohio 


HIS book constitutes one of the se- 

ries of volumes known as the “Plu- 
tonium Project Record” collected while 
developing methods for producing plu- 
tonium, It consists of ten papers by 
eleven authors dealing with the thermo- 
dynamic properties of elements and 
many morganic compounds. The con- 
tents of these papers may best be judged 
by the following partia! list of titles: 
‘The Thermodynamic and Physical 
Properties of the Elements,” “Themo- 
dynamic and Physical Properties of 
Nitrides, Carbides, Sulfides, Silicides 
and Phosphides,” “The Thermodynamic 
Properties of Common Gases,” “The 
Thermodynamic Properties of the Ha- 
“The Thermodynamic Proper- 
ties of Molybdenum and Tungsten Ha- 
lides and the Use of These Metals as 
Refractories.” 


lides,” 


Sufficient descriptive material is pro- 
vided in connection with the discussion 
of the data and the results of the equi- 
librium analyses to distinguish the book 
from a mere compilation of thermody- 
namic constants. Most of the recorded 
basic data have been compiled from 
previously available literature and a 
fair portion represents estimates made 
by the authors. 

The average chemical engineer will 
find little to help or interest him in this 
volume. The engineer engaged in the 
inorganic process industries, metallurgi 
cal industries and atomic energy proj 
ects should find this set of data useful 
The serious students of thermodynamics 
will want to add this book to his library , 
as a convenient source of data and ref- 
erences to the original articles on the 
subject. 


Prologue to Tomorrow. Robert Keith 
Leavitt. Pennsylvania Salt Manufac- 
turing Co., Philadelphia, Pa. 100 pp. 


HE Pennsylvania Salt Manufactur 

ing Company reaches its one-hun- 
dredth vear of organization during 1950 
and to celebrate that event has 
the book, “Prologue to Tomorrow,” a 
history of the company. Written by 
Robert Keith Leavitt, it is interesting 
reading, since the author has skillfully 
blended the commercial history of the 
company with background details—illus 
trations of what life was like, historical 


issued 


settings, etc 


(More Marginal Notes on page 42) 
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Johns-Manville 


WEATHER-PROTECTED 
INSULATION 


for tanks 
and vessels 


If you have outdoor—or indoor—tanks and vessels 
... Such as the multiple effect evaporators shown 
above .. . it will pay you to look into Johns-Manville 
Weather-Protected Insulation. 


Weather-Protected Insulation pays because it does 

a twofold job: 1. It provides the close temperature 
control so important in the process industries; 
2. It assures a maintenance-free insulation job. 


Basically, this Johns-Manville Weather-Protected 
Insulation specification consists of standard J-M 
Insulations over which is applied Johns-Manville 
Asbestocite (a tough, strong asbestos-cement 
sheet) to protect the insulation from the weather 
or from wetting due to normal plant operations. 
Shielded in this manner, the insulation maintains 
its original efficiency and requires no periodic 
maintenance. 


Cataway drawing shows bou 


Premtted If you wish, a Johns-Manville Insulation Engi- 
wa methods neer will be glad to survey your equipment and 
for mechanical securement > 

of the insulation are used. [y : ~ make appropriate recommendations. For further 


pe details, send for a copy of folder IN-121A, Address 


Johns-Manville, Box 290, New York 16, N. Y. 


INSULATIONS 
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CANDIDATES FOR MEMBERSHIP IN Ch. E. 


The following is a list of candidates 
for the designated grades of member- 
ship in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance 
with Article III, Section 7, of the Con- 
stitution of A.L.Ch.E. which states: 


Blection to membership shall be by vote of 
the Council! apon recommendation of the Com 


mittee on Admissions. The names of all appii- 
cants who have been spproved as candidates by 
the © on Ad other than those 
of epplicants for Student membership, shall be 
listed in on official publication of the Institute. 
If ne objection is received in writing by the 
Secretary within thirty days after the mailing 
date of the publication, they may be declared 
elected by vote of Council. If an objection to the 


election of any candidate is received by the 
Secretary within the period specified. said ob- 
jection shall be referred to the Committees on 
Admissions, which shell investigate the cause 
for such objection, holding all communications 


in confidence, and make recommendations to the 
Council regarding the candidate. 

Objections to the election of any of 
these candidates from Active Members 
will receive careful consideration if re- 
ceived before Nov. 15, 1950, at the 
Office of the Secretary, American In- 
stitute of Chemical Engineers, 120 East 
4lst St.. New York 17, N. Y. 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


Andrew Bagdasarian, Rah- 
way, N. J. 

Rebert O. Brock, East 
Chicago, Ind. 

Everett A. Bruce, Paoli, Pa. 

William G. Burk, Chicago, 

Paul Buthod, Tulsa, Okla. 

Franklin S. Chance, Jr., 
Knoxville, Tenn. 

Thomas P. Clarke, Jersey 
City, N. J. 

J. M. Crockin, Pitteburgh, 
Pa. 

Glen R. Davis, Tulsa, Okla. 

George T. Deck, Trona, 
Calif. 

Carroll J. Dobratz, 
burg, Calif. 

Merten H. Douthitt, Balti- 
more, Md. 

Johan B. Dwyer, New York, 
N.Y. 

W. M. Gaylord, Cleveland, 

William T. Griffiths, Upper 
Darby, Pa. 

Raymond H. Hecht, Sayre- 


Pitts- 


ham, Pa. 

Paul Kandell, New York, 
Be 

Ralph M. Kaight, 
Arthur, Tex. 

Charles E. Lieberman, 
Houston, Tex. 

Thomas Liggett, Ill, Beaver, 
Pa. 

James A. List, Wilmingt 


Port 


Bartolomeo Orsoni, Milano, 
Italy 

Glean C. Putnam, Orange, 
Tex. 

Milton H. Rau, St. Louis, 
Mo 

Cecil C. Rhodes, East Lan- 


Earl A. Schilt, Buffalo, 

Robert J. Schrader, Kings- 
port, Tenn. 

William 5S. Sevier, New 
York, N.Y. 

Ronald B. Smith, New York, 
N.Y. 

Bernard J. Sullivan, Ross- 
ford, Ohie 

Ralph A. Troupe, 
ville, Ky. 

Frederic C. Tuttle, Sche- 
nectady, N. Y. 

H. C. Ullum, /nstitute, 
W. Va. 

Warren B. Warden, Swarth- 
more, Pa. 

W. William Wiitanen, 
Audubon, N. J. 

Robert S. Yates, St. Louis, 
Mo. 

N. Emile Zachariah, Keno- 
sha, Wis. 


Leouis- 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Joseph F. Campagnolo, Bal 
timore, Md. 
E. S. Ceddou, 
City, Tex. 
D. S. Saxena, Dethi, india 
L rd L. Taylor, Carth- 


Jr.. Texas 


Del. 

Leland Rey Lyons, Fords, 
N. J. 

J. Emmett Maider, Jr., 
Richland, Wash. 

William J. McNamara, 
Paul, Minn. 

Byron E. Milner, Philedel- 
phia, Pa. 


age, Tex. 
Prospero Uy-Barreta, 
Manila, Philippines 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


Samuel L. Bean, Auburn, 
Me. 


J. Brocoff, New York, N.Y. 

Charles A. Burkart, Co- 
lambus, Ohio 

Jack Carson, Victoria, B. C., 
Canada 

Andrew J. Chase, Orono, 
Me. 

William David Clark, 
Thornton, Pa. 

Elmer William Coleman, Jr., 
Erie, Pa. 

John H. Coleman, St. Louis, 
Mo. 

Hubert J. Crouch, Jr., Lin- 
coln, Neb. 

Robert L. Cunningham, 
Marblehead, Mass. 

John E. Cusack, Jr., 
Westerly, R. 1. 

John L. Denton, Fort 
Wayne, Ind. 

R. E. Dugat, Baytown, Tex. 

William U. Eberts, Co- 
lambus, Ohio 

David E. Eddy, Toledo, 
Ohio 

J. M. Farrar, Jr., El Dorado, 
Ark. 

John J. Foster, 
N.Y. 

P. L. Fowler, Blairmore 
(Alta.), Canada 

William J. Gartin, Richland, 
Wash. 

William D. Gordon, Lake- 
wood, Ohie 

James Gretzinger, Ro- 


Elmhurst, 


Richard C. Heininger, Chi- 
cago, /il. 

Roy W. Held, St. 
Mo. 

G. J. Henrich, WNiagera 
Falls, N.Y. 

Burton F. Judson, Richland, 
Wash. 

Ralph C. Kennon, Baton 
Rouge, La. 


Louis, 
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Ernest Knipp, Jr., Houston, 
Tex. 

Walter C. Kohfeldt, Baton 
Rouge, La. 

Stanley Kritzer, Los 
Angeles, Calif. 

Philip G. McCullough, 
Worcester, Mass. 

Joseph A. McDaniel, Jr., 
Baton Rouge, La. 

Bob L. McFarland, 
El Monte, Calif. 

Robert E. T. McMahon, 
New York, N.Y. 

Frederic A. Obstfeld, 
Akron, Ohio 

Walter R. O'Keefe, 
Portland, Me. 

David W. Peat, Cornwall, 
(Ont.), Canada 

Howard K. Rae, Princeton, 
N. J. 

Frederick A. Richter, Rich- 


Jr., 


Walter Sarvas, Saco, Me. 

John A. Sauer, St. Louis, 
Mo. 

John D. M. Shelly, York, 
Pa. 

Leon Siedler, 
A. 

Richard Sobel, Claymont, 
Del. 

Frank Y. Staats, Senta 
Monica, Calif. 

Joseph D. Stafford, Jr., 
Wichita Falls, Tex. 

Morraine Elden Stang}, 
Los Angeles, Calif. 

Salvatore S. Stivala, New 
York, 

Lleyd J. Svoboda, Kansas 
City, Kan. 

William R. Taylor, Cin- 
cinnati, Ohio 

Thomas E. Williams, 
Harriston, Va. 

Robert Charles Wornick, 
Breoklyn, N.Y. 

Robert N. Zabe, Eastport, 
Me. 


Guatemala, 


a 
October, 1950 (| 


a sing, Mich 
i 
mond, Me. 
ee Robert Ruffing, Pitteburgh, 
Pa. 
ville, N. J 
a John K. Jacobs, Chelten- 
chester, N.Y. 
rs John F. Hannan, Manhasset, 
N.Y. 
; Fred J. Hebert, Baton 
Rouge, La. 
‘ 
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SECRETARY’S REPORT 
S. L. TYLER 


HE Executive Committee of the 

Institute met Sept. 21 in the office 
of the Executive Secretary with all 
members in attendance. 

The usual routine matters of approval 
of Minutes, Treasurer's Re- 
port, and approval of bills were taken 
care of promptly 

Applicants for membership, whose 
names were listed in the August, 1950, 
issue of Chemical Engineering Progress, 
were elected to the grade of member- 
ship indicated. Three resignations from 
membership were accepted. 

The President reported the appoint- 
ment of the Tellers Committee to count 
the nomination and election ballots as 
follows: L. P. Scoville, W. D. Kohlins, 
H. L. Malakoff, F. B. White. 

Three new appointments were made 
to the Public Relations Committee at 
the request of J. H. Perry, Chairman. 
They were as follows: Randolph An- 
tonsen, J. C. Whitwell, R. V. Greer. 

The Secretary reported the receipt of 
a surplus from the Swampscott meeting 
of $179.15. It was received with thanks 
and it was voted that‘it be credited to 
the Institute Meetings Account. 

The Institute had been invited to par 
ticipate in the Centennial of Engineer 
ing which is to be held in Chicago in 
the summer of 1952 and was requested 
to appoint a local committee to work 
with the main committee on arrange- 
ments at Chicago. The committee con- 
sists of J. H. Rushton, Chairman, W. 
H. Congleton, G. Egloff, L. W. Faith, 
R. C. Gunness. 

An invitation to send a representative 
to attend the inauguration of Marion 
Thomas Harrington as president of 
The Agricultural and Mechanical Col- 
lege of Texas was received and H. D. 
Wilde was appointed as representative. 

A similar invitation was received 
from the Carnegie Institute of Tech- 
nology for a representative to attend 
the inauguration of J. Warner as 
President. F. J. Curtis will represent 
the Institute. 

D. O. Myatt was appointed represen- 
tative of the Institute on the Subcom- 
mittee on Abbreviations to the ASA 
Committee Z-10, Letter Symbols and 
Abbreviations for Science and Engi- 
neering. 


receipt of 


COLUMBUS MEETING 


{Continued from page 15) 


techniques, will be presented in two ses- 
sions on Wednesday, Dec. 6. Rich- 
ard D. Hoak, Mellon Institute, will be 
in the chair. 


Processing of Viscous Materials. As 


Vol. 46, No. 10 


Seated (left to right): 4. A. Grant, Gums-Loine Fiber 


Clegg, Battelle Institute, 
Technical Program. Sta 
Publicity, and A. Syverson, 


a simultaneous Wednesday morning ses- 
sion, this symposium will be guided by 
W. W. Kraft of the Lummus Co. Engi- 
neering experts will discuss such prob- 
lems as mixing, pressure drop, and heat- 
transfer characteristics of numerous 
viscous materials. This subject will ap- 
peal to any engineer who has problems 
in handling viscous materials. 


General Papers. An assortment of 
papers will be presented from Monday 
afternoon through Wednesday after- 


echnical Program; W. B 
(left to right): 
hio State University, Technical Program. 


T. F. Battelle Instit 


noon. Topics include hydrogenation 
coal, drying, fluidized systems, filtratic 
heat transfer, and distillation equipme 

A paper, worth particular mention | 
cause of its universal appeal, will 
given by Prof. Hoyt Sherman, Oh 
State University. Rapid reading a 
perception methods, developed first fa 
military trainees and aircraft spotters i 
World War II, will be presented 
show how personal improvement migh 
be made. 

(Continued on page 38) 
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LOCAL SECTION NEWS 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the Al ChE. Program Committee 


Walter E 
The M. W. K 


225 Broadway, New York 7, N. Y 


MEETINGS 
Annual—Columbus, Ohbio, 
House, Dec. 3-6, 1950. 
Technical Program Chairman: Jobr 
Clegg, Battelle Memorial Institute, 
Columbus, Ohio 

Regional White Sulphur 
Springs, W. Va. The Greenbrier, 
March 11-14, 1951 

Technical Program Chairman: 
Walter E. Lobo, The M ‘ 
Kellogg Co., 225 Broadway, New 
York, N. 

Regional— K ansas 
Hotel Muehlebach, 
1951 

Technical Program Chairman: 
Walter W. Deschner, J. F 
Pritchard Co. Kansas City, Mo 

Annual — Atlantic City, 
Chalfonte- Haddon all 
Dee 2-5, 1951 

Technical Program Chairman 
Frank J. Smith, Pan American 
Corp. New York, N. ¥ 

Regional rench Lick, Ind., May 
11.14, 1952 


Neil 


City, Mo., 
May 13-16. 


N. Jj. 
Hotel. 


SYMPOSIA 


Air and Water Pollution Control 
Chairman: Richard D. Hoak, Mellon 
Institute of Industrial Research, 


Authors wishing to present papers at a 


should first query the Chairman of the A.L-Ch.F 
with a carbon copy of the letter to the 


Lobo 
man of the meeting at which the author 


Lobo 
ellogg Co., 


University of Pittsburgh, Pitts- 
burgh, Pa. 
M ceting—Columbus, Ohio 


Chemical in Glass 
Industry 

Chairman: F. C. Flint, Hazel-Atias 
Glass Co., Washington, Pa. 

Mecting—Columbus, Ohio 


Processing of Viscous Materials 

Chairman: W. W. Kraft, The Lum- 
mus Co., 420 Lexington Ave., New 
York, N. Y 


Meeting—Columbus, Ohio 


Phase Equilibria 

Chairman: W. C. Edmister, Car- 
negie Inst. of Tech. Pittsburgh, 
la 
Meeting 


Engineering 


Columbus, Ohio 


Relationship Between Pilot-Scale 
and Commercial Chemical En- 
gineering Equipment 

Chairman: Walter E. Lobo, The M. 
W. Kellogg Co. 225 Broadway, 
New York, N. Y 

Meeting—White Sulphur 
W. Va 

Vacuum Engineering 

Chairman Ww 
Lummus Co, N 


French Lick, Ind 


Springs, 


The 
Meeting 


scheduled meeting of the A.LChE 
Program Committee, Walter 

Technical Program Chair 
wishes to present the paper. Another 


carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street. 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, mstead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor's 


office 


Manuscripts not received 70 days before a meeting cannot be considered 


CHEMICAL ENGINEERS 
CLUB OF WASHINGTON 


The first meeting of the fall season 
20 at the Roger Smith 
Thomas H. Chilton of 
and Vice-President of 
Units: Technical 


was held Sept 
Hotel at 
the Du Pont Co 


and Scientific.” 


which 
spoke on 


\ constitution and bvlaws have been 


the 


express 


the club 


have 


drafted 
members 


for upon which 


asked to 


their approval or disapproval 


been 


Ihe schedule for the coming year in 
cludes at least two 
New Unit Processes and Operations 
(b) Chemical Pest Control and possibly 
(c) Sulfur and Pyrites 


symposia on (a) 


Reported by H. W. Yeagley 


CHEMICAL ENGINEERING PROGRESS 


NEW YORK 
Management Symposium 


The mside story of how chemical en- 
terprises are managed will be told to 
chemical engineers at a symposium to 
be sponsored by this Section Oct. 24, 
at the Hotel Statler in New York. 

Functions of management will be ex- 
plained by John E. McKean, president 
of Chas. Pfizer & Co., Inc. Robert L. 
Gibson, assistant general manager of 
General Electric Co.'s chemical depart 
ment, will blueprint the organization of 
management. George B. Corless, execu 
tive development advisor for the Stand- 
ard Oil Co. (New Jersey), will discuss 
executive development. William P. 
Witherow, president of Blaw-Knox Co., 
will discuss industrial relations. 

Dinner speaker will be Robert E 
Wilson, board chairman of Standard 
Oil Co. (Indiana) will map a 
“Strategy for True Liberals.” Toast 
will be Donald B. Keyes, vice 
president of Heyden Chemical Corp 


who 
master 

Symposium will start at 
2:00 p.m.; they will be held in the Penn 
Top of the Statler. Dinner will be at 
7:00 pm. in the Statler’s Grand Ball 
room 

For those who register, dinner will 
cost $6.00; for those not registering, 
dinner will be $7.00. In addition to the 
cost of the dinner, the fegistration fee 
for members of the New. York and New 
Jersey Local Sections will be $2.00; for 
nonmembers the registration fee will be 
$3.00; for students, $1.00. Chairman of 
the symposium is Edgar L. Demarest, 
Buflovak equipment division of Blaw 
Knox Co., 295 Madison Ave., New York 
17, 

A meeting of this section was held 
Sept. 26 at the Brass Rail Restaurant, 
New York, with 50 members and guests 
present. T. H. Chilton, Vice-President 
of A.LCh.E., and technical director of 
development engineering division of the 
Du Pont Co., 
“Units.” 


sessrons 


spoke on the subject, 


Reported by R. L. Demmerle 


and J. A. O'Connor 


SOUTHERN CALIFORNIA 


This section held its monthly dinner 
Sept. 19, 1950, at the Rio Hondo Coun- 
try Club in Los Angeles 


bers 


Some 95 mem 
present. CC. N 
research, 
was the guest speaker of the 


and guests were 


Sjogren, director of 
Braun Co 
and his subject was “Design 
tor Inshell Heat Transfer 

Dr Sjogren discussed the effects of 


evening 


(Continued on page 32) 


October, 1950 


aq 

a 

= 
¢ 

ay 

| 

# 


Pictured above is @ Pritchard designed piont recently completed for the seporation 
of qu ‘ity grade monochlor and dichior benzene from crude chlorinated benzenes. 


For Superiority of Product 
Depend on 


Pritchard Designed Plants 


Superiority of product . .. maximum plant efficiency and 
ease of operation...longer periods of “on stream" operation 
with freedom from maintenance troubles — these are the 
things for which Pritchard chemical plants are becoming 
known and talked about throughout the industry today. 


Pritchard's services are flexible. For those who desire com- 
plete “turnkey” service to include everything from analysis 
of requirements to final operating tests, Pritchard offers its 
single responsibility contracts. For those who desire to sup- 
plement the work of their own permanent engineering 
staff and relieve them of the extra work load of new plant 
design, engineering, procurement or construction, Pritchard 
stands ready to assist them as the project may require. 


You are invited to make use of Pritchard's diver- 
sified experience in the chemical field to make your 
next plant construction, modernization or exten- 


sion outstanding in the industry. 


WRITE FOR FREE BULLETINS 


Dept. No. 67 908 Grand Ave., Kansas City 6, Mo. 


HOUSTON « ST. LOUIS © CHICAGO « PITTSBURGH © TULSA « NEW YORK 
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ENGINEERING DESIGN ENGINEERING CONSTRUCTION 
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| Vel. 46, 10 


Here’s Equipment Built to Stand Up 
Under Your Production Requirements 
for METERED PRESSURE PUMPING 


of Such Chemicals as: 
SULPHURIC ACID 


NITRIC ACID + LIQUID CHLORINE 
HYDROCHLORIC ACID + SLURRIES 
CHLORINATED HYDROCARBONS 
HYDROGEN PEROXIDE + PROPANE 
HYDROFLUORIC ACIDS + OLEUM 
CYANIDE COMPOUNDS « STYRENE 
SODIUM HYDROXIDE + FREON 


svurvine LOX OR RUNNING SEAL 
DIAPHRAGM SEALS 
@ POSITIVE DISPLACEMENT PISTON MEASUREMEN a8 
© FLOW RATE ADJUSTABLE WHILE IN OPERATION UM 
@ ONL-SATH LUBRICATION OF ALL MOVING PARTS 


© UNITS AVAILABLE 
FOR MANUAL OR 
AUTOMATIC CONTRO! 


"PULSAFEEDER 


_PISTON-DIAPHRAGM CHEMICAL PROPORTIONING PUMP 


WRITE for Bulletin 262 with complete description and specifications. 
LAPP INSULATOR CO. INC PROCESS EQUIPMENT DIVISION, 308 MAPLE STREET, LEROY, & 
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LOCAL SECTION NEWS 
(Continued from page 30) 


design factors and manufacturing toler- 
ances on the transfer rate and pressure 
drop on the shell side of heat exchang- 
ers. To illustrate the subject of his dis- 
cussion, a technicolor movie was shown 
of flow in full-size plastic heat-ex- 
changer models. The models photo- 
graphed utilized tinted water containing 
aluminum powder, which gave a clear 
and precise picture of flow patterns for 
various types of exchanger construction. 
The effects of several construction var- 
iables, such as cross-flow area, baffle-cut 
area, and baffle-tube clearance on trans- 
fer rate and pressure drop were mathe- 
matically correlated and illustrated by 
slides. 


Reported by William J. Baral 


NORTHERN CALIFORNIA 


This section will hold a regular meet- 
ing Nov. 6 at the Engineers Club in San 
Francisco. The speaker will be Max 
Spealman, production manager of the 
San Francisco division, Stauffer Chem- 
ical Co, Dr. Spealman’s subject will be 
the manufacture of sulfuric acid. 

The section held a special joint meet- 
ing with the local section of the National 
Association of Corrosion Engineers 
Sept. 15. At the meeting and dinner, 
held in San Francisco at the Engineers 
Club, Prof. Mars G. Fontana, Ohio 
State University, and a member of 
A.L.Ch.E., spoke on “Corrosion Resis- 
tance of Stainless Steel,” and discussed 
several theories relative to the subject. 
There was a total attendance of 80. 

Reported by J. V. Hightower 


DETROIT JUNIOR GROUP 


This group held its first meeting of 
the 1950-51 season Sept. 13 in the Junior 
Room of the Rackham Memorial. 

William G. Fredrick, director of the 
Detroit Bureau of Industrial Hygiene, 
presented a talk entitled, “Industrial 
Hygiene.” Following his outline of the 
history of industrial hygiene in the De- 
troit area as well as iv the United States, 
he discussed the mor. common occupa- 
tional diseases, especially those in the 
chemical industry. 

Officers for the 1950-51 season are: 

Chairman—W. J 

Chemicals Corp 

Vice-Charrman—W Jones, 

Sulphite Pulp and Paper Co. 

Secretary-T reasurer—Robert E. Cav- 

anaugh, Sno-Flake Products Co 

Program Chairman—Joseph Adinoff, 

Parke-Davis & Co 
Membership Chairman—P. J. Bonnell, 
U.S. Rubber Co 
Reported by W. 


Leisten, Wyandotte 


Detroit 


W’. Jones 


October, 1950 
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SOUTH TEXAS 


Fifth Annual Technical Meeting 


Petroleum-derived starting materials 
for the flourishing Gulf Coast chemical 
industries will be discussed in several 


papers to be presented at the Fifth An- | 
nual Technical Meeting of this section | 
to be held Oct. 27 at the Galvez Hotel, 


Galveston, Tex. 
At the evening banquet of which Cal 


Dickinson, Diamond Alkali Co., Hous- | 


ton, is master of ceremonies, Warren L. 
McCabe, President, A.I.Ch.E., will be 
the principal speaker. His topic is 


ningham, chairman of the South Texas 
Section and by James A. Lee, South- 


west editor of Chemical Engineering, | 


a McGraw-Hill publication. There will 
be a student session entitled “Oppor- 
tunities for Young Chemical Engineer- 
ing Graduates.” 

The general chairman for the tech- 
nical meeting is C. L. Dickinson. Assist- 
ing him are John McKetta, Austin; Don 
Schroeter, Texas City; V. 
W. T. Richard, and Jack McLellan, 
Houston. 


The following list of papers is sched- | 


uled for presentation : 


PROGRAM 
Morning Program 
TECHNICAL SESSIONS 


Session 
Humble Oil & Refining Co., Presiding. 


The Production of Ethylene for Chemi- 


cal Synthesis—.V. L. Foskett, Stone and 


Webster Co., Boston, Mass. 
Butylene.—Speaker from Humble Ou & 
Refining Co 
The Electric Discharge—A New Chemi- 
cal Engineering Tool—E. P. 
University of Texas, Austin, Tex. 
Session B—Terrace Room, Joe Young, In- 
fileo Corp., Presiding 


Heat-Exchange Movie — Dou for | 
Sheliside Heat Transfer— Blake, 


C. F. Braun and Co., Houston, Tex 


Use of Sea Water as a Cooling Medium 


on the Gulf Coast—August H. Mein- 
rath and Tom S. Moffatt, Southern 
Alkali Co., Corpus Christi, Tex. 


Handling of a Typical Labor Case— 


T. M. Davis of Baker, Botts, Andrews, | 


and Parish, Houston 


Afternoon Program 

Session C--Ball Room, Neil H. McKay, 
Shell Chemical Co., Presiding 

The Use of Radioactive Isotopes in In- 
dustry—L. O. Morgan, Unwwersity of 
Texas. 

Road Octane Studies—Speaker from Du 
Pont Co 


Platforming—!ladimir Haensel, Univer- 


sal Oil Products Co. 
Effective Technical Group Speaking. 


STUDENT SESSION 
Room, John J 
(Continued on page 41) 


Session D-—Terrace 


Vol. 46, No. 10 


L. Keldsen, | 


A—Ball Room, Frank Spuhler, 


Schoch, 


A REGULAR SERVICE OF THE COOPER ALLOY FOUNDRY CO., HILLSIDE, W. J. 


WELDING 
STAINLESS ALLOYS 


| Norman S. Mott 


“Chemical Engineering—1950 Model.” | 
Welcoming addresses at the different | 


| The Cooper Alloy Foundry Co. 


sessions will be given by W. A. Cun- | 


Chief Chemist and Metallurgist 


In the welding of stainless al- 
loys, four types of composition 
have to be taken into considera- 


| tion—the hardenable martensitic 


straight chromium group; the non- 
hardenable ferritic straight chrom- 
ium group; the corrosion resisting 
chromium-nickel group, and the 
heat resisting chromium-nickel 
group. These alloy compositions 
have, in varying degrees, greater 


_ thermal expansion and lower ther- 


mal conductivity than carbon 
steels, and in some instances have 


| carbide mannerisms which affect 
| corrosion resistance. 


When the torch flame or arc is 


_ applied, the metal is heated to a 


very high temperature only in the 
area being welded. The heated 
metal expands and tends to push 


out in various directions against - 


the colder surrounding metal, pro- 
ducing severe internal stresses. 
When the heat source is removed, 
the resultant contraction produces 
pulling stresses acting between 
the cooling and the cold metal. If 
the metal does not have sufficient 
ductility to stretch and accommo- 
date itself to these great stresses, 
cracking will result. This is most 
prevalent in the lower ductility 
straight chromium grades. By 
making temperature gradients as 
gradual as possible, this danger 
can be minimized. 


In the chromium-nickel corro- 
sion resisting alloy types, a form 
of grain boundary carbide precipi- 
tation occurs during welding. To 


| offset the dangers of intergranu- 


lar corrosion, these carbides must 
be put into solution by subse- 
quent heat treatment before the 
welded metal is put into use. 


Difficulties which are involved 
in welding cast stainless steel can 
be overcome through the use of 
pre-welding and post-welding 
thermal treatments as indicated 


_ below. Alloys for heat resistance 


ALLOY REMARKS 


After we , cool to not less 
to 


12%Cr 
16%Cr 
18%Cr 


27%Cr 


for 1 hour at 1350° F. f 
18-8S Preheat not required. Af 
welding heat at 2000° F. f 
1 hour, then water quench. 
18-8SCb Preheat not required, nor 
post heat. However, af 
ing, it may be str 
reliev: at 1650° F. for 


at 2000° F. 

our, en water q 

Sufficiently ferritic 
often be used without post 
heating. 

FA-20 Preheat to 400° F. After 


welding cool very slowly 
then t to 2000° F.... 
hold for 1 hour and water 
q 


Available on request 


NEWSCAST, a pomeess i to 
which Norman 8S. Mott is a regu- 
lar contributor, covers news, au- 
thoritative information and ap- 
plications of stainless steel valves, 
fittings and 


the ma 

ER list, write to 

ooper 

Alloy Foun- 

LOY dry Co., Hill- 
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| 
Tofu 
any thermal Westmont etter | 
welding. 
5%Cr 
1650°F hold for 1 hour, 
furnace cool to 1350° F., hold 
for 2 hours, then air cool. 
9%Cr Preheat to 400°F. or over. 
ee After welding, cool to not 
less than 300° F. then heat 
ee to 1350° F....hold for 2 
hours, then air cool. : 
Preheat to 400° F. or over. & 
After welding, cool to not y 
less than 300° F. then Py 
to 1350° F....hold for olf 
hours, then air cool. oe 
Preheat to 250-300°F. Af 
welding, cool to 250° F. oy 
lower, then heat to 14 r 
F....hold for 4 hours, ee 
air cool. 
Preheat to 250-300" F. Af 
lower, then heat to 14 a 
F....hol¢ for 4 hours, 
ia 
Preheat to 250° F. or 
After welding, heat to 16 
F....hold for 2 hours, 
rapidly air cool. If distorti 7 
i 
ung, 
18-8SM 
To 


UTOMATIC ONTROL 
| 


pai 
Backing 
and ifs guioblems: 


y wp to the wo 
7. Con for 


DAML COMPANY 


43 RICHMOND STREET, PROVIDENCE 3, R. I., U.S. 
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BULLETINS 


1 © WATER TREATMENT. An illus- 
trated 12-page guide to water treat- 
ment, by the Elgin Softener Corp. 
Explains the need for water treat- 
ment, discusses the prevention of 
scale and corrosion, treatment of 
boiler water, and tells of various 
treatments which prevent difficulties 
occurring with untreated water. 


2 @ INDUSTRIAL SCREENS. For all 
users of screens in industry, the 


Bixby-Zimmer Engineering Co. has yew 4-page publication of their ap- be 
a new bulletin on its product which plication engineering department, yarious end 
features round-rod construction of explaining a new pump sequence 
screens. Advantages of this are listed controller. It starts and stops pumps jumps Used in the’ 
and also descriptions of various automatically as the flow demand line "am boiler feed water | 


kinds of screens, mountings, equip- 
ment, etc. Vibrating screens, shaker, 
centrifugal, conveyor, heat driers, 
etc., are all described. 


3 @ CORROSION - PROOF CEMENT. 
A bulletin on corrosion-proof ce- 
ments, in which information is com- 
piled in a chart to help select the 
correct cement for specific applica- 
tions, is offered by The Atlas Min- 
eral Products Co. Covers resin, sul- 
fur, silicate and asphaltic cements. 


SPEED REDUCERS. 
For the engineer with a speed re- 
ducer problem, The Falk Corp. has 
published four bulletins. All follow 
the same editorial pattern. Methods 
of selection of speed reducers, hp. 
rating tables, torque capacity, over- 
hung load capacities, dimensions, 
backstops, flexible couplings, etc. 
Each bulletin covers a different type. 
(4) The parallel shaft roller bearing 
speed reducer; (5) the parallel shaft 


Ib./hr. is the subject of a new bulle- 
tin by Omega Machine Co. Ac- 
curacy is within 1% by volume, 
stroke of feed is adjustable, dust- 
proof, has a dissolving chamber, hy- 
draulic jet mixers, etc. Details of 
construction, operation, how auto- 
matic controls are attached, how 
platform scales are tied in with the 
operation, etc., are all explained. 


10 © PUMP SEQUENCE CONTROLLER. 
For bulk station and loading oper- 
ators, in petroleum and chemical 
plants, Fischer & Porter Co. have a 


changes. Electronic circuit actuated 
by a flow meter located in the main 
pump header. Any number of 
pumps may be tied to the circuit. 
Flows of from 1 to 6000 gal./min. 


11 @ AGITATING AND MIXING EQUIP- 
MENT. A new catalog showing port- 
able power mixers, agitator-mixer 
assemblies, drives, side-entering agi- 
tators, acid-resistant linings, etc., of 
The Patterson Foundry & Machine 
Co. Each agitator gives specifica- 
tions, drawings, propeller size, met- 
als in which it is available, etc. 
Shows typical installations. 


14 @ CONTROL OF ALGAE. The 
Dow Chemical Co. offers a report 


DATA 


* 


of the experiments and results at 
one of its plants on the addition of 
bromine to control algae and slime 
in water-cooling towers. 


15 @ FIRE FIGHTING. Ansul Chemi- 
cal Co. offers an educational book- 
let on the fundamentals of fire 
extinguishing. Four-page illustrated 
discussion of what fire is, causes 

fire, and proper methods of extin- 
guishing. 


16 @ DEEP-WELL TURBINE 


applications. Bulletin gives the co 
struction details such as the coll 
and shaft, bowl assembly, and gx 
into considerable explanation of t 
whole pump assembly. 


17 @ STAINLESS STEEL VALVE. 
complete 48-page catalog on stai 
less steel valves, fittings and acc 
sories is offered by The Cooper Allc 
Foundry Co. Contains enginceri 
drawings, weights, dimensions, si 
ranges, materials, corrosion dat 
nomenclature and design inform 
tion. Covers nickel, Monel, all th 
types of valves and many of the oth 
fittings that are used in corrosion- 
resistant installations. 


Cards valid for only six months after date of issue 


Chemical Engineering Progress Data Service 


right- I would like to obtain more information on the items 
ducer; (7) vertical right-angle speed represented by the numbers I have circled. 
reducer. Gives examples of the 


methods of determining the correct 123456780 41516 7 8 
speed reducer to use in any particuu = 4 99 93 24 25 26 27 28 29 30 31 32 33 34 35 36 


lar installation. 


s reducer with sleeve bearings; 
6) horizontal right-angle re- 
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8 @ CHEMICAL FEEDER. Three sizes 
of a universal chemical feeder, with Please type or print 
feeding ranges of from | to 5000 Nome 
Company... 
Mail card for more data 
1 October 1950 
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18 @ TUNGSTEN AND MOLYBDENUM. 
A manual on tungsten and molyb- 
denum, published by Met- 
allurgical Corp. The book, well 
illustrated and written, covers the 

der metallurgy techniques used 
in molybdenum and tungsten, gives 
the —— properties of both inetals 
~mechanical and chemical, the uses 
and applications of the metal and 
the available forms. Gives some- 
thing on fabricating techniques and 
the engineering services of the com- 
pany. 


19 @ FILTER AID. A high absorbent 
lignocellulose for use as a filter aid, 
a dry carrier for oily or aqueous 
liquids, a conditioner for solids sub- 
ject to caking and a protein de- 
naturant, is a new valent of the 
Masonite Corp. Bulletin gives de- 
scription of the product including 
typical physical analysis, chemical 
analysis, some ideas as to its use 
and application, shipping informa- 
tion, ete. 


20 @ MILLS AND MIXERS. A general 
catalog on the line of roller mills, 
colloid mills and mixers made by 
the — machinery division of 
the Troy Engine and Machine Co. 
Describes a high speed, one-point 
adjustment mill and others. Fea- 
tures an angular mixer with an 
angular power-tilting device and 
three zone mixing through a revolv- 


ing tank and moving mixing ele- 
ment. 


22 @ PRESSURE BLOWER. The Moore 
Co. with a new descriptive bulletin 
on Class 2000 axial flow pressure 
blowers. Bulletin covers engineer- 
ing data. The 2000 units may be 
assembled from standard parts from 
2 to 9 blades for any unit of given 
diameter. Another feature is that 
the rotor is permanently greased 
with silicone grease. Volumes up to 
100,000 cu.ft./min., and pressures 
up to 4 in. of water. Bulletin has 
complete descriptions showing cut- 
away views of drive units. Describes 
belt drive units, gives data on — 
formances for a number of the blow- 
ers, data on construction, engineer- 
ing drawings, with dimensions. 


23 @ PRESSURE AND TEMPERATURE 
REGULATORS. A_ 32-page booklet 
about pilot-operated pressure and 
temperature regulators made by the 
Spence Engineering Co., Inc., In 
addition the booklet covers strainers, 
thermostats, desuperheaters, flange 
standards, etc. ‘ables of steam 
capacity and flow, regulated valve 
sizes for air flow, etc. 


24 @ CHEMICAL ENGINEERING NO- 
TATIONS. The publishers of Chem- 
ical Engineering Progress have a 
one-page insert, suitable for loose- 
leaf notebooks, which gives the 
standard notations and abbrevia- 


No 
Postage Stamp 
Necessa: 


ry 
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Chemicai Engineering Progress 
120 East 41st Street 
New York 17, 
New York 


tions for chemical engineering. It 
is a condensation of the American 
Standards Association “Letter Sym- 
bols for Chemical Engineers” which 
includes also proper abbreviations. 


EQUIPMENT 


25 @ TYGON TUBING. Tygon plastic 
tubing of The U. S. Stoneware Co. 
is now available in large sizes rang- 
ing from 1% in. to 24% in. in 
diameter. Tygon is translucent and 
is used in bulk handling of liquid 
food products, drugs, chemicals, etc. 
Can be steam-sterilized and its flexi- 
bility permits it to make bends with 
a minimum of waste space. 


26 @ PLASTICIZING PAN. The Pat- 
terson Foundry & Machine Co. has 
newly placed on the market a new 
lasticizing pan for the phosphate 
ertilizer industry. Built in sizes 
up to 10 ft. the crushed fertilizer 
rock is fed continuously to the ma- 
chine which reduces it, and also 
mixes it with added liquid. After 
ney discharge is through the 
ottom for drying. Mixing and 
— is by stages with the 
eed entering the center and travel- 
ing to another chamber where the 
plasticizing is completed. 


27 @ POLISHING FILTER. A new 
lishing filter by the Sparkler 
lsnentestesinn Co. uses a horizontal 
plate principle, a _prefabricating 
medium and diatomaceous filter aid. 
These are arranged so that filter 
quality does not fall off toward the 
end of the filtration cycle. Air pock- 
ets are eliminated and plates are 
bolted together in the form of a 
cartridge which enables them to be 
removed for cleaning. Made of Ever- 
dur, can be designed for working 
pressures up to 100 Ib./sq. in. 


28 @ AUTOMATIC BUNSEN BURNER. 
For laboratories using Bunsen burn- 
ers intermittently, Hanau Engineer- 
ing Co., Inc., has devised a new 
automatic unit that flames only 
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when needed. It is controlled by 
touch. Can be regulated for a con- 
tinuous flame. 


29 @ CAUSTIC-CHLORINE MACHINE. 
For the industry that requires small 
quantities of caustic soda and chlor- 
ine, Amroc, Inc., developed a new, 
special electrolytic plant for pro- 

uction from brine. Requires a 
space 314 ft. by 25 ft. and consists 
of a mercury cell complete with de- 
nuder, power rectifier, brine-prepara- 
tion tanks, recirculation equipment, 
caustic receiving tank, etc. The 24- 
hour output of the plant will be 
225 Ib. of 100% caustic, 200 Ib. of 
chlorine and 5 Ib. of hydrogen. 
Equipment can be installed to pro- 
duce hypochlorites or hydrochloric 
acid. Automatically controlled and 
designed for the specific installation. 


30 © FILTER UNIT. Titefiex, Inc., has 
a new stainless steel filter chamber 
in two sizes, one having filter areas 
of 10 sq. ft., the other of 20 sq. ft. 
Has a precoat tank and chambers 
are so fixed that they can be oper- 
ated simultaneously with the pre- 
coat tank, or singly. Has a backwash 
system which enables the filter to be 
cleaned without labor. Catalog 
available. 


31 BALL Mil. A new Tricone 
ball mill for wet and dry grinding 
and pulverizing applications, by the 
Hardinge Co., Inc. The new fea- 
ture of the mill is a slightly tapered 
shape which keeps the larger grind- 
ing balls at the feed end of the mill. 
Provides room for additional smaller 
grinding media at the discharge end. 


32 @ LONG-SWEEP ANGLE VALVE. 
Hammel-Dahl Co. announces a new 
long-sweep angle valve which is de- 
signed primarily to produce a mini- 
mum turbulence in flow through 
the valve. For use on slurries or 
other solids in suspension which 
tend to plug conventional valves. 
The valve plug is streamlined and 
the seat is designed as a section of 
the venturi throat. Bodies can be 


OR FREE DATA 


supplied in carbon, steel or stainless 
steel. 


33 ROOF VENTILATOR. American 
Machine and Metals, Inc., are in pro- 
duction with a new portable dis- 
charge roof ventilator for industry. 
Motor driven and available in di- 
ameters 36 in. to 48 in. with capaci- 
ties up to 41,000 cu. ft. of air/min. 


34 © DISSOLVER. For use on works 
batches of from 5 to 100 gal., The 
Cowles Co., Inc., has a new dis- 
solver for use on material ranging 
in viscosity from 1 to 30,000 c 
The assembly, motor, bridge, and 
dissolver unit can be adjusted in 
height through a range of 11 in. by 
an elevating screw. The impeller is 
removed quickly since the bridge 
support, etc., can be tilted to an 
angle of 60°. Driven by a 5-hp. 
motor, through a belt drive. Spe- 
— designed impellers are avail- 
able. 


35 @ EMERGENCY PUMP. A general 
utility pump which operates com- 
pletely submerged, for removal of 
water from pits, tanks, vats and de- 
pressions in industrial plants, is new 
with Kenco, Inc. Operated either 
automatically by a liquid level 
switch, or manually by a _ cord 
switch, it may be used in any depth 
of water and will turn off automatic- 


ally when it draws air. Water can 
be drained to within \% in. of the 
floor. Liquid-level switch operated 
by air pressure created when water 
rises around the switch and tra 

air within the skirt. Special installa- 
tions for high turn-on requirements, 


36 @ KEMPLAS. A new line of chem- 
ical process equipment made from 
modified phenolic resins and d 
signed to meet corrosive condition 
is in manufacture by the Genera 
Ceramic & Steatite Corp., the resi 
being produced by the Pennsylvani 
Salt Mfg. Co. Tests of the material 
using 60% hydrofluoric acid showed 
that towers, pumps and fittings were 
operating with no trace of corrosive 
attack after two years. The resins 
may be cold-cast or laminated with 
glass cloth and then molded. Cast 
resins are used for pump volutes, 
impellers, fittings, and may be ma- 
chined and threaded. Laminated 
resin has strength and shock resist- 
ance and is used to make tanks and 
—— Resins are stable up to 370° 

. and are resistant to virtually all 
acids. Ful! line of equipment is 
new being 


37 @ SIGMAMOTOR. A_ pumping 
unit which makes use of pressure 


exerted by a series of “fingers” on 
flexible tubing, is the idea behind 
a device called Sigmamotor pro- 
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duced by E. & M. Enterprises, Inc. 

i primarily as a laboratory 
or pilot plant tool, the fluids in 
flexible tubing receive a propulsive 
force from a series of fingers pressing 

inst the tubing in sequence. 
Either liquids or gases can be 

mped. The unit will handle from 
t% to 30 gal./hr., with tubing vary- 
ing from 3/16 in. to % in. in di- 
ameter. 


38 «© CHECK VALVE. Leak 
check valves in sizes from % in. to 
1 in., t type with an “O” ring 
seal, bel by James- 
Pond-Clark. The valves are avail- 
able in any material. Buna-N seals. 
Working pressures are from 0 to 
$000 Ib./sq. in. and temperatures of 
from —65° to 280° F. Other low 

ure ty are available from 0 
te. On order, valves 
to withstand temperatures up to 
500° F. Data sheet giving the pres- 
sure differentials, sizes, etc., avail- 
able. 


39 © PNEUMATIC CONVEYOR. A 
pneumatic conveyor system for bulk 
materials is announced by the Crane 
Co. Called Turbo-Drive, it is avail- 
able in three sizes—7-, 15-, and 30-cu. 
ft. capacities. The Crane Co. has 
used these systems in its own plants. 
Used primarily for moving sand in 
foundries, the system uses air pres- 
sure of from 40 to 60 Ib./sq. in. and 
1 cu. ft. of air will deliver 3 to 4 Ib. 
of sand. 


40 « SWIVEL MIXER BRACKET. An 
adjustable swivel mixer mounting 
bracket for any type mixer, which 
gives rapid adjustment to any de- 
sired mixing position and having a 
self-contained locking device, is a 
new product of the — Engineer- 
ing Corp. The bracket clamps tank- 
side and can be permanently at- 


tached to open tanks of from 5- to 
500-gal. capacity. 


41 @ STEEL-BELT CONVEYORS. For 
handling foods, chemicals, bakery 
ucts, etc., Sandvik Steel, Inc., 
issued a bulletin describing its 
steel belt conveyors. Either carbon 
or stainless steel, with flat or 
troughed belts, with or without cool- 
ing. Standard sizes from widths of 
8 in. up to 16 in. The bulletin 
shows many features including a pat- 
ented water bed conveyor. It was 
incorrectly reported in the August 
Data Service (36) that sizes of these 
belts run up to 16 in. Widths run 
up to 32 in. and wider belts are 
available composed of two or more 
longitudinally joined bands. 


CHEMICALS 


46 @ ACETONITRILE. A bulletin on 
acetonitrile from the Niacet chem- 
icals division of the United States 
Vanadium Corp. Used in synthesis 
of organic compounds. Bulletin 
gives physical and chemical proper- 
ties, specifications, shipping and 
handling information, chemistry, 
and uses. Information as a reactant, 
and extraction solvent for fatty 
acids. Points out that for each fatty 
acid there is a temperature above 
which acetonitrile is infinitely sol- 
uble, and below which, its solubility 
is low. Fatty acids can be precipi- 
tated out by a slowly cooling “* 
tion of acetonitrile. 


47 @ ACTIVATED CARBON. Pitts 
burgh Coke & Chemical Co. offers 
a 10- booklet on vapor and 
liquid adsorbent applications 
of granular and pulverized activated 
carbons. Gives typical uses and gives 
also, something on production and 
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research. Pittsburgh Coke & Chem- 
ical Co. makes ~ from 
bituminous coal process is 
briefly illustrated. 


48 @ Nz FOR IMPACT PULVERIZING. 
For better, more rapid, and effective 
pulverization, The Linde Air Pro- 
ducts Co. has a method of using 
liquid nitrogen in spray form to 
cool material rapidly to a point of 
maximum fragility before i: is 
ground in mills. The amount of 
energy necessary to reduce the ma- 
terial for fracture is decreased and 
efficiency is such that the new process 
will accelerate high-speed pulveriza- 
tion of tough and heat-sensitive ma- 
terials. Saran and polystyrene, hard 
materials to pulverize, are being suc- 
cessfully ground by this method. 
Liquid nitrogen has a temperature 
of —320° F. 


49 @ CHEMICALS FROM COAL. Kop- 
pers Co., Inc., in a 44-page bulletin 
describes 58 commodity and spe- 
cialty chemicals recovered in the 
coking of coal. Data sheets in the 
book give physical and chemical 
properties, suggested uses, structure, 
etc, 


50 DIMETHYL CHLOROACETAL. A 
data bulletin describing dimethyl 
chloroacetal used in synthesis of 
chloroacetaldehyde, sulfa drugs and 
other pharmaceuticals, is available 
from the General Aniline & Film 
Corp. 


51 @ CELANESE SOLVENTS. A re- 
vised bulletin of the chemical divi- 
sion of Celanese Corp. of America, 
on nitrocellulose solvents made by 
the company. The data sheet de- 
scribes the formulation of two solv- 
ents, gives base lacquer studies, for- 
mulations, etc. 


52 @ SYNTHETICS. The 1951 edition 
of the book, “Physical Properties of 
Synthetic Organic Chemicals,” a 16- 
page condensed guide for applica- 
tions and physical properties of more 
than 250 synthetic organic chemi- 
cals, is off the press, Carbide & Car- 
bon chemicals division. 


53 @ ALKYL PHENOLS. A mixture 
of monoalkyl phenols predomi- 
nently parasubstituted, is offered by 
the Jefferson Chemical Co., Incf 
Suggested for use as a nonionic de-\ 
tergent intermediate, in the manu- , 
facture of lubricating oil additives, \ 
and in the preparation of various 
resins and plasticizers. The com- 
pany is offering a technical bulletin 
explaining the physical and chem- 
ical properties and suggested uses. 
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Horizontal Plate 
Filters 


... have high flow rates 


Frequently two to five times as high as the flow through filter septa 
lying in a different plane. 


In Sparkler filters, friction encountered in high 
flow and high viscosity operations is reduced to 
a negligible factor by the free drainage and uni- 
formity of cake provided only by Sparkler's hori- 
zontal plate construction. Less operating pressure 
is needed, with the result that the cake is less dense 
and thus offers less resistance to flow. 


Sparkler horizontal plates permit filter media to 
be floated into position forming a cake of uniform 
thickness. Only a thin pre-coat cake is necessary to 
assure brilliant clarity of the filtrate right from the 
start. This means maximum economy of pre-coat 
material and precoating recirculating time. 


For all out economy, speed and quality of prod- 
uct Sparkler Horizontal Plate Filters cannot be : . 
matched by other types in filtering most chemical . 
products. 


Write Mr. Eric Anderson for personal engineer- 
ing service on your filtering problem. 


1. Section of filter plate show- 
ing perforated metal screen, 
filter media, ond filter coke. 


SPARKLER 
MANUFACTURING 


COMPANY 
m. 


Makers of filters for the Chemical, Phormo- 


2. Cutaway view of filter 
ceutical, Food and Petroleum Industries for plotes showing how cake of 
vnifor 


over quarter of century. 


m thickness is built up 
each plate. 
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for Efficient HEAT EXCHANGE _iterter to THe evitor 


(Continued from page 23) 


utterly destroyed by social pressures 
which we have not deigned to consider ? 

If it were altogether true that we are 
so, specialized as to be incapable of con- 
tributing to the regulation of society, it 
would not excuse us; instead it would 
require us to mitigate this condition. 
However, it ts not at all true that we 
are unable to contribute anything in the 
field of social relations. As pointed out 
by Dr. Rushton, we have the engineer- 
ing outlook to contribute, and this is the 
most successful method of achieving 
results which has yet been devised. As 
a member of both the legal and engi- 
neering professions, I can personally 
vouch for the fact that the engineering 
viewpoint is admirably adapted to the 
analysis of social and legal problems. It 


has been clearly demonstrated in the law 
school of my university that students 
with engineering backgrounds do much 
better in law school than those students 
who have a liberal arts background. The 
reason for this is that engineers have 
been trained to analyze problems, to 


Pictured above is the separate the nonessentials, and to bal- 
new Type “E” QUINT- ance the conflicting forces in such a 
AIR Air Cooled Heat way as to achieve the optimum result. 


Exchanger, designed, en- As has been said by a profound legal 


dineered and manufac- AEROFIN scholar, Dean Roscoe Pound, law is 


tured by J. F. Pritchard ‘social engineering.” That is to say, it 
& Co.'s Equipment Di- Regardless of the heat-exchange applica- is the attempt to find methods of ac- 
vision. Curved Aerofin . complishing the optimum social result. li 
esctions (see Mlastration tion — or the operating conditions which the humanists can be made to under- 
at right) enable this unit prevail ner regardless of the type of stand the engineering viewpoint, 
to take maximum ad- 2 : bs whereby vested interests in theories: are 
vantage of winds from atmosphere or liquid, Aerohn will sup- not tenable merely upon a show of au- 
any direction. Especially 
suited for engine and : 
compressor jacket water to the job. 
cooling. 


ply the design and materials best suited thority, whereby dogmatism is defeated 
by rationality and where logical analysis 
and synthesis replace exhaustive ver- 
Aerofin's unequalled experience, re- biage, then engineers can indeed make 
an important contribution in social 


search and manufacturing facilities in relations. 


the heat-exchange field are your assur- It is not enough, however, for engi 
neers to teach their philosophy to the 
social engineers. Our humanities ex 
service life. perts also suffer from an abysmal ignor 
ance of the physical aspects of the world 
we live in. Many important social is 


the sues are intertwined with technological 

complexities. For example, the legal 
4 control of atomic energy is indeed difh- 
os Chemical Industry = cult in view of the too-prevalent views 


ance of greatest efhiciency and longest 


of some legislators that atoms are in 


Aerofin units do the job herently dangerous or that uranium 


(without further description) is likely 

Better, Faster, Cheaper to blow up at any an Examples can 
be multiplied endlessly. It is important 
5 to realize that the failure of humanists 
to understand the basic elements of 


AERO FIN Correorarion science or the underlying philosophy of 


mew YOUR © Cleverane esteen? engineering has contributed to their in- 
PHILADELPHIA © DALLAS © SAN FRANCISCO © MONTREAL © TORONTO ability to extricate themselves from 
social dilemmas as fast as the technolo- 
Aerofin is sold only by manufacturers of nationally gists can create them 
advertised fan system apparatus. List om request. 
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It should not be supposed, however, 
that engineers are at present in a posi- 
tion to enter directly into the solution of 
social problems as to achieve startling 
results. Just as the “social engineers” 
are ignorant about technology, so too 
are the engineers largely ignorant in the 
field of social relations. Logical analysis 
and synthesis based on ignorance of the 
facts is undoubtedly even worse than 
the present methods of social science. 
Engineers, flush with their successes 
and accomplishments in their own field, 
and convinced of their ability to “see 
through a problem,” are all too prone to 
reason from ignorance of social prob- 
lems. Not only are their premises in- 
articulate—they are also unconsidered. 
Engineers must begin to look at social 
problems in the same way as they view 
technical problems. First they must get 
the facts, then they must analyze the 
problem, and then they must attempt to 
balance the conflicting forces so as to 
achieve the socially desirable result. 
When they deal in social relations, engi 
neers must not speak trom ignorance ; 
they must not adopt authoritarian and 
arbitrary methods. They should seek 
to apply the rational methods they use 
in their own field to social problems. Ii 
they can do this, they can make as great 
a contribution to the solution as they 
have to the creation of social problems. 


Sept. 11, 1950 
Melvin Nord, 
Detroit, Michigan 


78 APPLY FOR QUALI- 
FICATION CERTIFICATE 


The Committee on the National Bu- 
reau of Engineering Registration has 
accepted 78 new applications for Certifi- 
cate of Qualification during the period 
from July 1, 1949, to June 30, 1950 
With 11 pending from the previous year 
the total reaches 89. Of the 89 appli- 
cants, 70 were approved, 2 rejected and 
17 were pending on June 30. As of June 
30, 1950, the total number of Certificates 
of Qualification issued by the National 
Bureau of Engineering Registration 
was 1246. 


BACK ISSUES WANTED 


Chemical Engineering Progress is 
still buying the April and May issues 
of 1947. For these we will pay 75 
cents each. 

We need copies of these issues and 
of January, 1949, in order to supply 
the demand for complete volumes of 
back issues and also to supply the 
demand for complete volumes for 
1949. For January, 1949, issues we 
will pay 50 cents. 
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Protects against 
Pulsation 
and Shock! 


Eliminates 
Snubbers- 


It Can't Plug - 


The Most Significant Pressure Gage 
Development in 50 Years. 


For the first time, a successful means of eliminating 
the effect of pulsation and shock on pressure gage 
mechanisms has been developed which DOES NOT 
introduce an orifice or restriction in the pressure 


eS It Can’t Plug 


FOR’ COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50 


CLAPP INSTRUMENT CO. 


WEBSTER, MASSACHUSETTS 
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-DURASPUN 


This is a treatment we developed in our own laboratory 
and foundry to meet special conditions for certain furnace 
operations. Normal high alloy castings would withstand the 
heat all right but abrasion, erosion and pick up were some- 
thing else again. The “Duralized"’ Rolls solved the problem. 

While you may not need a high alloy casting calling for 
the Duralizing treatment, you may have a high alloy casting 
problem. We'll be glad to study it with you and recommend 
the alloy and type of casting best for your requirements. 


a 
THE UUNALUT company 


COLUMBUS MEETING 
(Continued from page 29) 


Plant Trips 

One of the more fascinating prospects 
of the meeting is the Plant Trips Pro- 
gram, because it affords otherwise un- 
obtainable opportunity to visit varied in- 
dustries, many nationally known. The 
schedule for the Columbus meeting 
comprises 29 plants and businesses in 
the area. These are listed here together 
with principal products or activities; 
descriptive detail on many of them will 
be published in the November issue of 
Chemical Engineering Progress. 


Plants participating are as follows: 


Battelle Memorial Institute—industrial re- 
search 

Capital City Products Co.—hydrogenated 
oil products for food industries 

Columbus Water Works—50,000,000 gal./ 
day modern softening plant 

Edward Orton, Jr., Ceramic Foundation— 
pyrometric cones, ceramic research 

Dean and Barry Co.—paints, varnishes, 
lacquers 

M & R Dietetic Laboratories—ice cream 
mixes, baby foods, and lactose 

Exact Weight Scale Co.—industrial scales 

Jeffrey Manufacturing Co.—chemical proc- 
ess and mining equipment 

Iremsides Co.—phenolic resins, asphaltic 
coverings, industrial lubricants 

Pure Oil Co. Newark, Ohio—refining of 
crude oil 

Smith Agriculture Chemical Co.—sulfuric 
acid, fertilizer 

Surface Combustion Corp.—gas-heating 
equipment 

Ternstedt Division, General Motors—auto- 
mobile trim and hardware 

Timken Roller Bearing Co.—roller bear- 
ings 

Farmers Fertilizer Co.—sulfuric acid 
( Mills-Packard Towers) 

Sewage Treatment Works, City of Colum- 
bus—-60,000,000 gal./day treatment 
tuckeye Steel Castings Co.—heavy steel 
castings 

The Franklin Brewing Co.—brewing 

Ohio State University—chemical engineer- 
ing department—Cryogenics Laboratory, 
cyclotron 

American Zinc Oxide Co.—zinc oxide 
products 

Mead Paper Co., Chillicothe, Ohio—manu- 
facturer of paper, production of lignin 

Owens-Corning Fiberglas Corp.. Newark, 
Ohio—fibrous glass products 

Washington Breweries— brewing 

August Wagner Breweries, Inc.—brewing 

D. L. Auld—automobile emblems and ac- 
cessories 

Marblecliff Quarries—limestone, lime 

Ranco, Inc.—thermostatic controls 

Yardley Plastics Co.—plastic products and 
piping 

Sewage Treatment Works, City of Dela- 
ware—modern plant for a city of 10,000 


Entertainment 

Sunday evening, Dec. 3, will afford 
opportunity for early comers to see their ¢ 
old friends and to make new ones at 
the convivial get-togethers. This event 
will be in the Junior Ball Room of the 
Neil House. Dress informal. 

The Welcome Luncheon on Monday, 
Dec. 4, will see an innovation in the 
serving of a light but adequate meal 

(Continued on page 40) 
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MINNEAPOLIS MEETING 


(Continued from page 17) 


E. L. M Univ. of Cincinnati, and 
| Rohm & Haas. 


omy.” Its title described the significance 
of population trends toward projecting 
future economic conditions. The num- 
ber of women of marriageable age at 
any time in the population is important 
in predicting the relative demand for 
consumer goods. They are also impor- 
tant since they produce the future gen- 
erations. The number of women in the 
19-to-24-age group is currently at its 
cyclic minimum but will again reach a 
maximum in 1960, Dr. Souders esti- 
mates, and will bring with it an era 
of prosperity. 

R. Upgren, University of Minnesota, 
presented in understandable terms the 
position that money holds in our econ 
omy. His paper, “The Stoichiometry of 
Money,” indicated two methods which 
might be used to finance the large Gov- 
ernment expenditures currently being 
made. One of these could be a pay-as- 
you-go plan with taxation as the means 
of raising funds; the alternative and 
inflationary method would involve bor- 
rowing by the Government from the 
Federal Reserve banks. 

Two other symposia were entitled, 
“Indoor vs. Outdoor Chemical Plant 
Construction,” and “Chemical Engi- 
neering in the Food Industries.” All the 
papers presented in the chemical plant 
construction symposium were in favor 
of the outdoor plant. The points pre- 
sented in favor of the outdoor plant 


(Continued on page 40) 


N. H. Ceagiske and R. F. Hein, Uni- 
versity of Minnesota. 
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A REMOTE CONTROL VALVE FOR 


HIGH LINE PRESSURES 
+ LARGER LINE SIZES 
CORROSIVE AN 


p EROSIVE FLUIDS 


THE NEW 


ANNIN 


SERIES 1520 
REMOTE | 
CONTROL 
VALVE | 


ELECTRO-PEUMATIC 
SOLENOID-OPERATED 


Now you can have efficient remote fluid control in your 
plant at a reasonabie cost. In the past, perhaps you have 
been limited by the size and maximum pressure ratings 
of solenoid valves or by the excessive cost of special alloy 
valves in erosive and corrosive service. If such has been 
the case, the obvious solution to your remote control 
valve problem is the new ANNIN Series 1520! 


AWere's why- 


EXCLUSIVE SINGLE-SEATED VALVE BODY 


Separable valve body with Teflon or 

other synthetic valve plug seating sur- ad 

faces will withstand up to 3000 psi. 

Valve trim and plug can be replaced 4 

without removing valve from the line. 

Smooth internal flow channel, com- 

pletely devoid of shoulders, pockets and threads, minimizes 
pressure drop across valve and facilitates handling of slur- 
ries or sludges. Available in Durimet 20, 316 Stainless Steel, 
Hastelloy, Zinc-free Bronze, Carbon Steel and almost any 
other castable alloy, this valve will give outstanding serv- 
ice under the most severe fluid conditions. 


POWERFUL ELECTRO-PNEUMATIC OPERATOR 


By introducing a secondary pressure sys- 
tem such as compressed air to the remote 
control system, ANN«n has utilized a 
sealed piston and cylinder arrangement 
for powerful valve action. This operator 
may be controlled by a 3- or 4-way 
solenoid pilot valve, a 3-way manual 
valve, or arrange for two-position direct- 
operation from any pneumatic, hydraulic, 
or electric-automatic control device. This flexibility plus 
the fast, shockless operation of the operator and valve, finds 
application in all types of remote control valve service. 


qseno FOR NEW BULLETIN TODAY 


THE ANNIN COMPANY 


3500 Union Pacific Avenve * Los Angeles 23, Collif. 
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BERL SADDLES 


More Area 
Higher Capacity 
Less Resistance 


Knight Ware Berl Saddles are 
replacing raxhig rings in many 
applications because of greater ef 
per unit volume. Berl 
Saddles offer large effective sur 
face area with less resistance to gas 
flow, better internal distribution 
ow higher loading capacity. Made 
rom selected deaired, washed 
clays, they will withstand severe 
acid service, have a high crushing 
strength and will not spall 


Ber! Saddles are also available in 
porcelain, Both the Knight Ware 
and Porcelain types are dense but 
not glazed so as to provide better 
wetting When porous 
packings can be made of either 
material, Berl Saddles are avail 
able in 4%", 4%", and 
The 1,” Berl Saddles are 
especially suited for use in labora 
tory columns 


Maurie A. Koight alo manu 
factures raschig rings of the same 
quality maternals. They are avail 
able m 4", 
buy”, 2° and 
either Knight Ware or 


desired 


wees 


porcelain 


} TOWER PACKING 


MAURICE A. KNIGHT 
710 Kelly Ave., Akron 9, O 


and Alkali-proeef Chemical Equ 


World’s Largest Natural Gas Compressor Station, Sugar Grove, Ohio. 


COLUMBUS MEETING 


(Continued from page 38) 


consisting of soup or fruit cup, sand- 
wich, pie, and a beverage, at a nominal 
price. Dubbed “Soup ‘n’ Sandwich 
Luncheon,” the standardized menu will 
make possible rapid service of an ap- 
petizing luncheon. 

Events of the Central Ohio Party, 
Monday evening, Dec. 4, are 
concert by the Ohio State University 
Choir of 60 fine student 
informal get-together 


dinner 


Symphonie 
voices, and an 
Directed since its founding in 1937 by 
Prof. Louis H. Diercks composer and 
teacher, the choir is well known for its 
beautiful performances and promises a 
rare treat. 


Ladies’ Program 


A tour of Greater Columbus has been 
arranged for Monday, Dec. 4, which 
includes the Omar Bakery, Art Museum, 
luncheon at Club, and 
tea in Sessions Room. In the evening ts 
the Ohio Party-—dress optional 

The ladies will pay 
Dec. 5, to the A. H 
at Newark, maker of fine glassware, see 
the historical lunch at 
and hear a lecture on the 
Hopewell Indian Culture. In the after 
noon, the ladies will be guests of Mrs 
Slavter at her 
Dress is optional for the Awards Ban 
quet im the evening 

Wednesday morning, Dec. 6, has been 
left open for shopping. Luncheon will 
be at the Maramor, famous Central 
Ohio restaurant, followed by a fashion 
show and bridge party. 


Sciote Country 


a visit Tuesday, 
Heisey Co.'s plant 


Indian mounds, 


Granville Inn 


Games home for tea 


Information Center 


\ well-staffed information 
will be maintained on the 


center 
mezzanine 


CHEMICAL ENGINEERING PROGRESS 


floor of the Neil House to answer quer- 
ies on restaurants, hotels, program ar- 
rangements, local attractions, and trans- 
portation. 


MINNEAPOLIS MEETING 
(Continued from page 39) 


were strong and some of the advantages 
are (1) elimination of building costs, 
(2) increased safety features because 
of inability of toxic or hazardous vapors 
and (3) crowded 
equipment spacing allowing easier equip- 
including use of 
mobile cranes for the removal and re- 
placement of heavy equipment. This 
symposium was planned by J. R. Mine- 
vitch, E. B. Badger & Co. 

W. L. Faith, Corn Products Refining 
Co., organized the food industry sym- 
posium. One of the interesting papers 
in this symposium was entitled “Chem- 
ical Engineering in the Food 
Industry,” by V. C. Praschan, Clinton 
Foods Mr. Praschan discussed the 
concentration and freezing. of orange 
juice and described methods in current 


to accumluate, less 


ment maintenance 


Frozen 


Inc. 


practice. In most of the evaporating sys- 
Praschan, some 
scheme 
was used in addition to a multiple-effect 


system employing backward feed 


tems described by Mr 


type of vapor recompression 


T. Baron, Univ. 
Illinois, received 
award for best- 
presented paper. 
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M. Molstad, Pennsylvania, 
and Mr. and Mrs. W. A. Carlson at the | 
buffet supper which was given Tuesday | 

evening. 


Paper Presentation Award 
T. Baron, University of Ilinois, was 
judged as having given the best presen- 
tation of any paper at the meeting. Mr. 


Baron who participated in the Reaction | 
Kinetics Symposium was the author | 


of the paper “Generalized Graphical 
Method for the Design of Fixed-Bed 
Catalytic Reactors.” Honorable men- 
tion in this connection went to Arthur 


E. Lindroos for presentation of the | 


paper “Phase Equilibria in the System 
Nitrogen-Ammonia at High Pressures” 
by A. E. Lindroos and B. F. Dodge of 
Yale University, and to R. A. Buckley 


for his presentation of the paper “Vapor | 
Phase Catalytic Esterification Rates” by | 


R. A. Buckley and R. J. Altpeter, of 
the University of Wisconsin. 


Regional Meeting Employment 
Service 


With the recent increased demand for 
trained chemical engineers, those organ- 
izing the Minneapolis Regional Meeting 
arranged to hold an employment service 


clearing house. Their anticipations were | 


well founded for representatives of 13 
different organizations requested that 
they be allowed to interview prospec 
tive applicants. More than 54 inter- 
views were held in the special interview 
rooms and quite a few other interviews 
were arranged under less formal cir- 
cumstances. 


SOUTH TEXAS 
(Continued from page 33) 


McKetta, University of Texas, Presid- 
ng 

Opportunities in Research and Develop- 
ment—4. A. Draeger, Humble Oil ¢ 
Refining Co , Baytor on, Tex. 

Opportunities in Operation——/. /. Fos 
Carbide and Carbon Chemical Division, 
Texas City, Tex. 

Opportunities in Desi reorge Me- 
Granahan, Wyatt C. Hedrick Engineer- 
ing Co., Houston. 

Opportunities in Ec ic Consider- 
ation in Process Design —/ ohn Kasch, 
Pan Americon Refining Corp., Texas 
City 

Opportunities in Technical Sales - 
C. F. Reed, Dow Chemical Co., Houston. 

Reported by J. H. McLellan 
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Readco Vertical Mixing Tonks ore supplied with sto- 
tienery tonk capacities of from 30 to 1000 gallons. 


Reodco Vertical Mixers are supplied with remov 
able bow! capacities of from 12 to 175 querts. 


Controlled stirring and mixing action avoids 
costly unmixed volume 


Readco Planetary Action, Vertical Mixers and Vertical Mixing Tanks 
provide controlled stirring and mixing action throughout the whole 
batch, eliminating “dead spots” and columns of unmixed materials. 


Both Readco Vertical Mixers and Mixing Tanks are supplied in 
single, multiple, or variable speeds for efficient handling of varied 
mixing problems. Units can be supplied with stainless steel bowls 
and beaters. 


Vertical Mixers accommodate several sizes of removable bowls 
and are particularly adapted to the processing of dry materials, 
creams, emulsions, and light plastic masses. Water jackets, bow! 
scrapers, splash and fume hoods are available. Convenient spring 
lock holds beater to driving head. 


The Vertical Mixing Tank is designed for larger batches and is 
equipped with a liquid-tight discharge gate in the bottom. Avail- 
able with high-pressure jackets and various mountings. 


NOW .. .. continuous mixing! Readco offers continuous 
as well as batch mixers. Write for complete details. 


Literoture ond prices on Reedce Vertical Mixers and Vertical Mixing Tonks aveilable upon request. 


READ MACHINERY DIVISION 
of The Standard Stoker Company. Inc. 
YORK 5. PENNSYLVANIA 


Provide Thorough Mixing 
eww Ww it tTanetarv . aed 
EQUIPMENT 
| 3 
| 
L | 
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TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


ANHYDROUS 
SODIUM 
MOLYBDATE 


PURE 
MOLYBDENUM 
TRIOXIDE 


AMMONIUM 
MOLYBDATES 


MOLYBDIC 
ACID, 85% 


One of these five com- 
pounds will prove to be 
the most economical raw 
material for the production 
of chemical products such 
as Molybdenum-contein- 
ing catalysts and pigments. 

Write our development 
division if you wish to take 
up questions concerning 
technological problems 


involving the chemistry of 


MARGINAL NOTES 
(Continued from page 24) 


For Direct Use by Profession 


Data Book on Hydrocarbons. A 


cation to Process Engineering. B. 
Maxwell. D. Van Nostrand Inc., 
New York. (1950) 259 pp. $5.00. 
Reviewed by Leo Friend, Associate 
Director, Chemical Engineering Divi- 
sion, The M. W. Kellogg Co., New 
York, N. Y. 
HIS excellent book is a contribution 
from the Standard Oil Development 


| Co., a research affiliate of the Standard 
| Oil Co, (New Jersey), to the literature 


of process engineering as particularly 
used in the petroleum industry. To quote 
from the Preface, “The primary pur- 
pose of this book is to provide (1) ba 
sic data on hydrocarbons and petroleum 
fractions, (2) methods of applying these 
data to process engineering, including 
illustrative examples and some funda- 
mental theory, and (3) applications of a 
few of the unit operations of chemical 
engineering used extensively in the pe- 
troleum industry.” 

rhe aim is accomplished by present- 
ing correlations of physical, thermody- 
namic and chemical engineering data on 
hydrocarbons and petroleum fractions 


| under the following headings : 


A. Physical Data 

1. Physical Constants 

» Characteristics of Petroleum Frac 
tions 
Molecular Weight 
Vapor Pressure 
bugacity 
Critical Properties 
Thermal Properties 
Density 
V iscosity 
Combustion 

Unit Operations 
Flow of Fluids 
Flow of Heat 
Equilibrium Flash Vaporization 
Fractionating Towers 

Each section is accompanied by a 
brief discussion of the basis and source 
of the charts and their application to 
specific process design problems. As 
such, this book represents a rather com- 
plete collection of information, arranged 
and presented specifically for the use of 
process engineers working in the fields 
of petroleum and hydrocarbon process 
ing. The reliability and accuracy of this 
work have been tested by vears of use 
by the technical personnel of the Stand- 
ard Oil Development Co. and other affili 
ates of the Standard Oil Co. (New 
Jersey 

The information contained in this 
book may not be new to engineers daily 
engaged in process or refinery work. In 
general, these people have collected pri- 
vate data books or have access to com- 
pany-sponsored data books containing 
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equivalent material. For those engi- 
neers who are not fortunate enough to 
have such a data book, and require such 
data, this book will be of considerable 
value. 

The graphs and charts in this book 
are different from those most commonly 
found in books and text in that they are 
designed for direct use. All the divisions 
customarily found in graph paper have 
been retained and the size is such that 
desired values can be read accurately 
without replotting, as is usually re- 
quired. In addition, the book is printed 
in blue ink, which is easier on the eyes 
than conventional black for continual 
use. The reviewer feels that this depar- 
ture is a good one and that authors of 
books containing charts which may be 
used by the reader for personal calcu- 
lations might follow this example. 

Mr. Maxwell's book is a fine contribu- 
tion to the literature of petroleum proc- 
essing. 


With the Student in Mind 


Natural Gas and Natural Gasoline. 
R. L. Huntington. McGraw-Hill Book 
Co., New Yok ( (1950) 598 pp. $8.00. 
Reviewed by M. F. Wirges, Gasoline- 

Chemical Division, Cities Service Oil, 

Bartlesville, Okla. 


R. HUNTINGTON states in his 

preface that “the preparation of this 
book has been prompted by the wish to 
meet the needs of engineering students 
taking courses dealing with the produc- 
tion of natural gas from crude-oil, con- 
densate, and dry-gas fields, and the man- 
ufacture of liquefied products from this 
raw material.” The author stressed the 
practical approach by using numerous 
illustrative examples and problem sec- 
tions supplementing each chapter. This 
book should prove an invaluable aid to 
the undergraduate and to practicing en- 
gineers who are unfamiliar with the gas- 
gasoline industry. 

Consisting of eleven chapters, this 
book includes such topics as estimation 
of reserves, elements of plant location 
and design, gathering and return sys- 
tems, cycling efficiencies, absorption, 
distillation and fractionation, gas dehy- 
dration, storage and transportation, and 
high-pressure pipe-line research. The 
section on gas dehydration is excellent. 
It includes pertinent design data on the 
use of diethylene and triethylene glycols 
for gas dehydration, as well as informa- 
tion on dew-point testing and special 
equipment for dehydration plants. Chap- 
ters on absorption and on fractionation | 
and distillation provide a good funda- * 
mental basis for complete understanding 
of these unit operations. There is also a 
comprehensive appendix. 

The gasoline process engineer will be 
disappointed in that such sections as 
rich oil de-ethanization, later develop- 
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ments in oil-absorption process design, 
packed column design, and stripper de- 
sign are covered briefly, and the book 
contains a large number of reprints of 
previously published articles. For ex- 
ample, the chapter o: absorption in- 


cludes a 20-page reprint on a study of | 


froth heights and pressure differentials 
of bubble-plate columns. These data are 
too limited and specific for a book of 
this general nature. 

To summarize briefly, this volume 
will give a good general idea of the nat- 
ural-gas and natural-gasoline branches 
of the petroleum industry 


Living to Work 


A Measure for Greatness—A Short Bi- 
ography of Edward Weston. David 


(1949) $4.00. 


Reviewed, by H. R. Glennon, Manu- 
script Editor, Chemical Engineering 
Progress. 


sy HIS is another success story typic- 
ally American except that the hero 
of this tale was an Englishman and did 
not become an American citizen until 
the end of his life when he was consid- 
ered a citizen of the world. Edward 
Weston, electrical engineer, inventor of 
the dynamo, patentee, organizer of the 
Weston Electrical Instrument Co., and 
winner of the Perkin Medal for out- 
standing achievement in chemistry, ar- 
rived in New York in 1870 at the age 
of 20. His story as related by David 
Woodbury brings to life again the 
pioneering efforts in electric-are light- 
ing, electroplating, commercial photog- 
raphy, and electrical instruments. 


Mr. Woodbury follows the course of | 


Weston from his early days as an ap- 
prentice when he was building every- 
thing he could lay his hands on—models 
that worked in some way—to his years 
as organizer of companies promoting 
the business of electroplating and pho- 
tography, subsequently giving the reader 
many glimpses of Weston as a fighter 
for his rights in the patent field which 
in those days, according to Mr. Wood- 
bury, indulged in questionable practices. 

However, it was the science of elec- 
trical measurement that interested 
Weston most. To explore the reasons 


for the lack of simple measuring instru- | 
ments for testing dynamos, motors and | 


lights became a consuming passion un- | 


til after indefatigable labor and experi- 
mentation he had been granted four 
patents on electrical instruments. 

A resident of Newark, N. J., Dr 
Weston bequeathed to the Newark Col- 
lege of Engineering his library and his 
original models and drawings. He ex- 
pressed the wish that a record be made 
of his researches, discoveries, and in- 
ventions. This volume is the result. 
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@ The problems of leak-tight, dependable valving of 
most corrosive and hard-to-handle fluids can be solved 
with Hills-McCanna Diaphragm Valves. By using a 
simple pinch clamp principle wherein a resilient dia- 
phragm is squeezed against a weir, flow is positively 
controlled without troublesome leakage, internally or 
externally. Even when handling slurries or semi-solids, 
the resiliency of the diaphragm permits a tight closure 
by conforming to the shape of particles that may become 
lodged in the opening. The diaphragm also serves to 
keep the material handled out of the working parts 
and likewise to prevent contamination of the material. 


Hills-McCanna Diaphragm Valves are made in sizes 
from %" to 14” for manual, remote or automatic oper- 
ation. Choice of diaphrag™ and body materials to meet 
most requirements. For pressures up to 150 psi and 
temperatures to 180° F. (to 220° F. under certain condi- 
tions). Ask for Catalog V-48, HILLS-McCANNA CO,, 
2438 W. Nelson Street, Chicago 18, Illinois. 


HILLS-M‘CANNA 
saunders patent 


a 
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HORTON 
Elevated | 


Horton elevated tanks are often used 
to provide gravity water pressure for 
general service or fire protection at 
mdustrial plants 
because the water is stored adore your 
plant, ready to flow the 
need it 

Horton ellipsoidal-bottom tanks like 
the «ome 


They are dependable 


mstant you 


shown above are gracetul 
easily-maimtained structures. They are 
built im standard capacities from 
15,000 to 500.000 gallons. Write our 
nearest office tor wiormation «of 


quotations 


CHICAGO BRIDGE 
& IRON COMPANY 
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W. E. LOBO, NEW CHAIRMAN, PROGRAM COMMITTEE, A.LCh.E. 


W. E. LOBO 


G. E. HOLBROOK 


Walter E. Lobo of The M. W. Kellogg Co., has been appointed Chairman of 
the Program Committee by the Council of the American Institute of Chemical 
Engineers. He succeeds George E. Holbrook who has been Chairman since 1948. 
Dr. Holbrook, owing to increased ‘— 1: with the Du Pont Co., asked 


Council to appoint a successor. Mr. 


obo has been a member of the Program 


Committee since 1945 and he has also served on various other committees the 
Institute such as the Publications (1946) and the Awards (1948). 


VAN FLETCHER IN NEW 
JOB WITH DU PONT CO. 


Appointment of Delbert Van Fletcher 
as assistant director of the technical 
division of the Grasselli chemicals de 
partment of the Du Pont Co 
nounced recently. He had been process 
manager m the manutacturing division 

Mr. Fletcher is Tampa, Fla 
and a graduate in chemical engineering 
of the Georgia Institute of Technology, 
class of 1940. He received his Master's 
degree in chemical engineering from the 
1941, and 


Was an 


trom 


Louisville in 
Du Pont Co 
chemist at the 
Cleve 


University of 
then jporned the 

\lter 
(jrasselli 
Ohio, Mr 


manutacturing 


working as a 
research laboratory in 
Fletcher went into the 
field, working at the 
works in Linden, N. J., and 
He went to Wilmington 
1948 
promoted to 


land 


(srassell 
Hlouston, Tex 
manager 


as assistant: process 


and was only recently 


rocess Manager 


F. E. MURPHY ADVANCED 
BY PENNSALT MFG. 
Francis FE. Murphy has been ap 
pointed production supervisor of the 
Wyandotte works of the 
Salt Manufacturing Co 
itv, Mr 
of all 
thons in Wyandotte 
Mr. Murphy joined Pennsalt in 1943 
as assistant to the manager of research 


Pennsylvania 
In this capac 
Murphy will be in active charge 


Pennsalt’s chemical plant opera 
I 
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and development. In 1945 he was trans- 
ferred to Pennsalt’s Whitemarsh re- 
search laboratories as director of devel- 
opment, and in 1947 went into the manu- 
facturing division as assistant produc- 
tion manager. Later he became super- 
visor of process controls, the position he 
held before being appointed to Wyan- 
dotte 

\ graduate of St. Joseph's College, 
Philadelphia, Mr. Murphy is also a 
member of ACS and Franklin Institute 
of Philadelphia. 


Gordon Kiddoo has been appointed 
director of research and development of 
the Continental Amarillo, 
Tex. Mr. Kiddoo is a graduate of Cor- 
nell University with a degree in chemical 
He previously with 

in chemical engineering 


Carbon Co., 


engineering was 
the Texas Co 
processing work, and in the design, con 
struction and operation ot pilot plants 
He performed 
Re- 


for the synthesis of fuels 
duties for Hydrocarbon 


of Olean, N. Y 


similar 
search, Inc 


J. N. Junkins 
consulting chemical engineer with John- 
son & Johnson, Engineers and Archi- 
tects, of Chicago, Ill He was formerly 
with the Vern E. Alden Co. of Chicago 


is now associated as 


William B. Hudson, formerly lo- 
cated in New York with the Foster 
Wheeler Corp. as process design engi- 
neer in the petroleum refining division 
has been transferred to Foster Wheeler 
Limited, London, England 
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PIRET GOES ABROAD 


E. L. PIRET 


Edgar L. Piret, fessor of chemical 
engineering at the University of Minne- 
sota, and research consultant to the engi- 
neering department of the Minnesota 
Mining & Manufacturing Co., has re- 
ceived an appointment as a Fulbright 
research scholar for a year’s work in 
France. 

Dr. Piret sailed with his family Oct. 5 
on the S. S. Liberte. 

His was the only appointment in the 
field of chemical engineering for the next 
calendar year. Competition for the 
awards is national. Dr. Piret’s program 
will include research in Paris and con- 
ferences at several universities and in- 
dustrial laboratories on the European 
continent and in Great Britain. At 
Nancy, France, he will assist in the in- 
troduction of “American concepts of 
en in the field of chemical engi- 

‘Fulbright awards, initiated by 
Senator Fulbright of Arkansas and spon- 
sored by the U. S. State Department, 
are made to technical men, scholars and 
educators for advanced study and re- 
search in foreign countries. 


HARVEY PROF. FOOD 
TECHNOLOGY ILL. INST. 


Ellery H. Harvey, founder and past 
president of the Association of Research 
Directors and former director of re- 
search at Anheuser-Busch Inc., St. 
Louwts, has been appointed professor ot 
food technology at Illinois Institute of 
Technology, Chicago, Il. He will also 
direct sponsored research and graduate 
studies in food engineering at Illinois 
Tech. The appointment is effective this 
fall 

Dr. Harvey served as research chem- 
ist for Swift & Co., 1926 to 1927; direc- 
tor of laboratories for Montgomery 
Ward & Co., 1927 to 1936: chief chem 
ist at Wilson and Co., 1937 to 1941; and 
director of research at Anheuser- 
Busch Inc., 1942 to 1946 

Following World War II, he was 
awarded “the President's Certificate of 
Appreciation, for outstanding contribu- 


(Continued on page 46) 
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You probably have thousands of dollars invested in insur- 

en ae protection ...but what insurance have 

you against corros.on in chlorine manufacturing equip- 

ment? You can be sure you will avoid costly shutdowns by 


For complete information on General 
manufacturing equipment 
write for circular A. For information on other 
General Ceramics 
corrosion - proof 
equipment ... any 
one of the offices 
listed below will 
be glad to for- 
ward the 
information. Ask 
for Bulletin E- 


R3. 


Savings on shopping costs... one shipment for everything. > 
Sovings on paper werk, accounting... one erder, one bil. 


General Ceramics mo conr. 


CHEMICAL EQUIPMENT DIVISION 
35 Crows Mill Rood Keasbey, New Jersey 
Sales Offices om. WFFALO. CHICAGO, HOUSTON, LOS ANGELES, 


PITTSBURGH, PORTLAND, ORF. SAN FRANCISCO, SEATTLE, 
TACOMA, MONTREAL, TORONTO, VANCOUVER, 8 C 


Ovr Divison Monut: Sreotites Porcel 
* Seugle Source of Supply @ sr06 
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SURE YOU'RE INSURED“. 
4 
fame synonymous with corrosion prevention. Here's why! a 
Where the chlorine process demands material with high ; 
stoneware SP-22. In the cooling equipment which requires » 
a material with high heat transfer properties, General a 
Ceramics has designed cooling tubes made with stoneware i 
B-41. The cascade type drying tower with internal spreader 
plates is also made with Chemical Stoneware which is 
berently corrosiow proof against all acids and * 
gases (except HF and strong hot caustics)  } 
== 
YOU SAVE 3 WAYS WITH GENERAL CERAMICS’ SSS* ie 
| | 
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tions to the Office of Scientific Research 
H and Development.” 

Pilot Plants and Processing Equipment ya SR 

| degrees, is the author of numerous pa- 

pers and holder of many U. S. patents. 


Artisan is an outstanding source for 
your Pilot Plant and Special Continu- 
ous or Batch Complete Processing 
Unit. 


Chemical engineers and mechanical 
engineers combine their experience 
with skilled shop men to develop and 
manufacture excellent mechanical and 
chemical processing equipment. Our 
chemical engineers design complete 
picnts and individual stills, evaporators, 
condensers, reactors, piping and tanks. 
Our mechanical engineers develop spe- 
cial conveyors, solids handling devices, 
vacuum closures and special mechani- 
cal processing units. 


Their combined experience and skills a 
go into the completed equipment. 


PFORZHEIMER IN NEW 
JOB WITH S.O. (OHIO) 


Harry Pforzheimer, head of the eco- 
nomics section of the Standard Oil Co. 
(Ohio), has been appointed to finance, 
research and analysis as staff assistant 
Since his graduation from Purdue Uni- 


Telephone or write for an engineer to call—-We hove 
Engineering Representatives throughout the United States. 


ARTISAN METAL PRODUCTS INC. 


Engineers and Fabricators 
Waltham 5-6800 73 Pond St., Waltham 54, Massachusetts 


H. PFORZHEIMER 


versity in 1938 Mr. Pforzheimer has 
heen associated with Standard, first 
assigned to technical service as a junior 


‘ | fexea | engineer. Subsequently he was named 


oS ing of equipment, and on design, instal- 
DEL VERY | lation and start-up of Standard’s polym 
— erization plants. In 1942 he was 
a leave of absence to accept an appoint- 
; ment in the Petroleum Administration 
| for War in Washington, D. C. There 
he served in the technical section, refin- 


ok ra | ing division, and economics section, 
aie 


engineer and worked on the test- 


Low 


pw respectively. After his return to Stand- 

DRAIN ard at the end of 1945 he joined the 
refining control division shortly 

HILCO Continuous ~ =u Oil Purifying System. thereafter when the economics section 


Oil purified at a fraction of a cent per gallon. ach was established he was made its head 


Currently he is a member of the execu 
You hanow that. oe tive committee of the Cleveland Section 
HICH VACUUM PUMPS REQUIRE CLEAN OIL! of A.LCh.E. 


free from abrasive solids, varnish forming substances and especially 
volatile contaminants which raise vapor pressure and decrease pro 
cessing eMciency H. L. Barnebey has been appointed 


5 bat do é manager, and Santord R. Bell process 


engineer, for the chlor-alkali department 
that of] can be purified easily by complete removal of all contaminants 2} . 5 ~s 
en 4& continuous, full flow basis after each pass through a vacuum ot Blaw-Knox Co.'s chemical plants di- 


pump. resulting in continuous pump operation at maximum efficiency Vision. T his department of the company 
and in ¢limination of oi] waste 


1s active in the design and construction 

: of chlorine-caustic plants based on the 

THE HILLIARD CORPORATION, 144 W. 4th ST., ELMIRA, N. Y. Mathieson mercury cell and processes 
employing amalgam to produce hydro- 


ln Canedo, UPION-BRADEEN- JAMES, Limited, 990 Bay Toronte 3464 Park Ave. Montreal gen peroxide 
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Advertisements 
advance, and are placed 
counts as two words 


Advertisements average about six words « 


American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
free of charge per year. More than one insertion to members will - made at half rates. In 


using the Classified Section of Chemical Engineering Progress it 
employers and employees that all communications will be ~~ BRA 


reed by prospective 
and the service ts 


mede available on that condition. Boxed advertisements one-inch deep are available at $15 


an insertion. Size of type may be specified by advertiser 


In answering advertisements all 


box numbers should be addressed care of Chemical Engineering Progress, Classified Section. 


120 East 4ist Street, New York 17, N. Y. 
section 
ft is to appear. 


9.1560. Advertisements for this 


Te ORegon 
be in the editorial offices the 25th of the month preceding the issue in whic 


SITUATIONS OPEN 


FLOW SHEET ENGINEER 


Excellent opportunity in internationally 
known engineering firm in N. Y. C. for 
graduate chemical engineer with expe- 
rience in flow diagrams, specification 
writing and instrumentation. Attrac- 
tive salary with liberal pension plan 
and other employee benefits. Write, in 
strict confidence, details of education 
and experience to Box 1.10 


PROCESS ENGINEER 


Permanent position on the process 
staff of an internationally known New 
York engineering firm for a top flight 
technical graduate with approximately 
five years’ experience in petroleum or 
petrochemical field. Candidate should 
be capable of assuming responsibility 
Salary high and 
commensurate with experience. All re- 
plies in confidence. Box 2-10 


for process design 


WANTED 


Major Chemical Company in Western 
Pennsylvania, who is expanding pres 
ent operations, has several openings 
for competent chemical engineers 
with three to ten years experience 
Interested particularly in group leader 
grade or group leader potential. Work 
involved: process engineering studies, 
preliminary design plant efficiency 
studies and pilot plant operation 
Box 3 


SITUATIONS WANTED 
A.1.Ch.E. Members 


Process Development Engineer years 
experience in process development, pilot 
~ trouble shooting and production 

esire responsible position in process de 
velopment and improvement and or trouble 
shooting Fields include fats, oils, fatty 
acids, chlorinated products, and handling 
ethylene oxide and acetylene. Age 30, mar 
ried, children, veteran. Box 5-10 


Chemical Engineer-6.5. M.S.. ChE. Practice, 
M.LT.. 1943, top 5%. Age 27, married 
veteran. Three years experience develop 

ment production. Four years sales purchas 

ing Highest references. Interested position 

New York-New Jersey area Box 
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Chemical EngineerB.S. 1944, M LT. Age 26 


Over six years’ experience petroleum refin 
ing. including foreign service; manufactur 
ing. design, and development problems. De 
sire position involving plant operations or 
Maison between plant and de 

sign. Box 7.10. 


r t Engi Fifteen years’ broad 
experience inorganic pigment manufacture 
im progressively more responsible manage 
ment positions Excellent record and 
broad experience in solution of process 
engineering and production problems 
Accustomed to coordinating production 
engineering. cost control and laboratory 
work Considerable experience 
ration general economic repo 
studies for higher management. Interested 
. protection management position. Box 


Eaci Chemical Equip 
M.S. in ChE. Two years’ extensive expe 
rience in specification and urchase of 
chemical equipment, design of specialized 
machinery irect shop activities in 
maintenance procedures and installations. 
Desire position with real future. Box 11-10 


Chemical Engineer-M5S.. Tau Beta 
Pi; age 26, family. Three years’ success- 
ful rofitable experience im the study 
and design of new chemical processes. De 
sire research or development position with 
progressive organization in East. Box 12-10 


Chemical Engineer".BS. 1946. 25, single 
Production and development work on 
acrylic and thermosetting cast sheeting 
Research and development work on pheno 
lic resins and powders. Some pilot plant 
experience Prefer development, produc 
tion. Box 13.10 


Chemical EngineerB.Ch.E.. 1944. Age 28, 
married, veteran. Graduate courses, plus 
four years full time teaching; some re 
search Desire work in research and de 
velopment Excellent references Prefer 
Philadelphia, Chester or Wilmington area 
Box 14.10 


Chemical Engineer—8.5 ChE N.Y.U top 
10%; MSChE, MILT 1950. Age 22 
married Undergraduate § and graduate 
work in plant design. Prefer position in 
rocess development or production work 
ading to same Location immaterial. 
Box 15-10 


Production Engineer—BS Chemistry, 1929 
Seventeen years’ experience with major 
company in plant production and oper 
ations start-u training costs. safety 
executive anc administrative duties 
Pharmaceuticals and organic chemicals 
Box 16-10 


Nonmembers 


SALES AND PRODUCTION 
ENGINEER 


MChE 1940 Columbia (A.B 38) 
family Ten years’ varied experience 
engineering design. resin development 
reinforced resin laminations, technica! 
sales administration and personne! 
work. Six years U. S. Marine Corps 
Physically retired as Major Desire 
technical sales or production; prefer 
ably plastic field refer metropolitan 
area; vicinity, will travel. Box 6-1 
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Graduate 


ENGINEERS 


OPPORTUNITIES 


for 


METALLURGICAL RESEARCH 
ENGINEERS—M.S. or Ph.D. in 
Metallurgical Engineering. Must 
have at least a few years research 
experience and be interested in re- 
search and development in materials 
of construction for the chemical in- 
dustry. 


MATERIALS HANDLING ENGI. 
NEERS—must have 8 to 12 years 
broad experience with operation, de- 
sign and use of all types of materials 
handling equipment. Desire famil- 
iarity with chemical equipment and 
its operation. Also interested in en- 
gineers with specific experience in 
bulk materials handling. Must be 


PROCESS ARRANGEMENT AND 
PIPING DESIGNERS — must be 
graduate with at least 5 years expe- 
rience in industrial design and 
chemical plant design or at least 12 
years practical industrial design ex- 
perience in this field. 


PROCESS ENGINEERS—must be 
graduate with minimum of 8 years 
industrial plant design experience at 
least 3 years of which have been in 
responsible charge of design work. 
Field experience desirable. Must 
have experience in design calcula- 
tions, equipment design and plant 
arrangement in the chemical field. 


Give experience, education, 
age, references, personal his- 
tory, salary received and 
salary expected. Please be com- 
plete and specific. 


ALL INQUIRIES WILL BE CONSIDERE! 


PROMPTLY AND KEPT 
CONFIDENTIAL. 


E. |. du Pont de Nemours & Go. (inc.) 
Engineering Department Personnel 
Wilmington 98, Deloware 
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UNEXCELLED 


DRYER 


1871 


the ova of the 
nial 


A. 


Golden iprhe driven 

at Ogden, Utab 
1869 Hersey 

Dever busli in Bo 


moder dryer 
builds over W different 
types of dryers for the process 
industries 


EXPERIENCE MAKES THE 
DIFFERENCE 


STaANDARD- Hersey leadership 
in dryer engineering today is 
no accident. It is the result of 
eighty years of accumulated 
research and development 
The greatest fund of dryer in- 
formation and technical data 
ever assembled is at your 
disposal when you specify 
STANDARD-HERSEY equipment 
No matter what your dryer 
problem may be, STANDARD- 
Hersey can combine experi- 
ence with advanced methods 
to bring you the most practi- 
cal solution 


STANDARD -HERSEY TEST DRYER @ 


Let our “pilot” test 
dryer take the 
uesswork out of 
rying your par 
ticular product 
Duplicates per 
formance under 
factory conditions 
of any type rotary 
dryer with any 
material 


STANDARD STEEL CORPORATION 


9055 Beyte Avenue Los Angeles 58 California 
Address 123-35 Newbury Street, Boston 16 
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CLASSIFIED SECTION 


(Continued from page 47) 


Chemical Engineer 6S 1950 Univ. of 
Texas. Seek position in production with 
chemical of petroleum industries East 
and Southwest areas preferred Age 25, 
veteran. Box 17.10 


Equipment For Sale 


One Steel Niagara 500 oq. ft. filter with stain- 
leas leaves, large cake door. Brand new 
filter used just a few weeks. Suitable for 
wide variety of chemical applications. Im 
mediate shipment. Box 9.10 


PEOPLE 


(Continued from page 46) 


L. ALLEN GOES TO SNELL 


LYMAN ALLEN 


Lyman Allen, formerly with Ameri- 
can Viscose Corp., Philadelphia, Pa., as 
assistant chief design engineer, is now 
associated with Foster Snell, Inc. 
He is chief engineer of the engineering 
division in charge of chemical process 
design, including pilot plant operations, 
plant investigations, purchase, design 
and installation of equipment for clients. 


Necrology 
J. M. GRAHAM, JR. 


James M. Graham, Jr., assistant direc 
tor ot Monsanto Chemical Co.'s general 
died Sept. 23 
from a heart attack. He was 43 years 
old. A native of Richmond, Va., he 
joined Monsanto at the Anniston ( Ala.) 
plant i trainee 
to become chief 


engineering department 


1934 as an operating 
amd rose successively 
chemical engineer of the phosphate di 
1945 he 


vision. In was transferred to 


St. Lows as a project engimeer in the 


development department and in 1948 


was made assistant director of the gen- 
department Mr 


eral engineering 


(jraham was graduated from the Uni- 
versity of Virginia in 1927 with a B.S 
1929 


in chemical engineering and in 


received an M.S. in physical chemistry 


CHEMICAL ENGINEERING PROGRESS 


*Article in 
C. & E. News 


against Acids, 


Alkalis, Salt, Oil and Water 


“Prufcoat proven superior to all other 


after eight years’ experience with Pruf- 

coat. And this is just one of many reports 

on file testifying to the effectiveness of 

Prufcoat’s famous liquid plastic formula- 

tions in controlling corrosion caused by 

chemical agents such as these: 

Acetic Acid 

Alcohols 

Bleach Solutions 

Calcium 

Chlorine 

Cyanides 

Formaldehyde 

Hydrofluoric Acid 
Acid 

icating Oils 


Packet. Contains in one easy-tofile folio 
outside laboratory tests, case histories, 
and Prufcoat ProtectoGraph Plan for 
analysing your own painting maintenance 
costs. Write Prufcoat Laboratories, Inc., 
63 Main St., Cambridge 42, Mass. 


8 Attractive Colors 
thot Apply Like Point 
to Masonry, Metal, Wood 


sing. \ that S10 

‘yn 

oy ee coatings we have tested” . . . writes one 

a of America’s largest chemical companies, 

a 

4 ‘|e Send today for a Prufcoat PROOF 
a ‘ 
4| 
Write Tedeoy for New 12-Page Dryer Bulletin 

‘weasey 

ERSEY More 

‘ 

PROTECTS 

A 


INDEX OF ADVERTISERS 


Aluminum Co. of America—Chemi- 
cals Div. 

Annin Company 

Artisan Metal Products, Inc 

Black, Sivalls & Bryson, Inc... .. 

Brown Fintube Co. 

Buflovak Equipment Division 

Chicago Bridge & Iron Co. 

Clapp Instrument Co. ........... 

Cleaver-Brooks Company 

Climax Molybdenum Company. ... 

Cooper Alloy Foundry Co. ....... 

Crane Company 

Croll-Reynolds Company, Inc. 

Du Pont de Nemours & Co., (Inc), 
E. |. 

Duraloy Company 

Eimer & Amend 

Fisher Scientific Co. 

Foster Wheeler Corp. 

General American Transportation 


Inside Front Cover, 6, 19 
General Ceramics & Steatite Corp.. 45 | 
Hammell-Dah! Company 34 
Hardinge Company, Inc. 49 


Hilliord Corp. 

Hills-McCanna Co. 

Johns-Manville 

Kinney Manufacturing Co. ....... 

Knight, Maurice A. ............ 

Lapp Insulator Co. ....... 

Link-Belt Company 

National Carbon Division 

Pritchard & Co., J. F. 

Prufcoat Laboratories, Inc. 

Read Machinery Division of The 
Standard Stoker Co., Inc 

Sparkler Manufacturing Co. 

Standard Steel Corp. 


Swenson Evaporator Co., Div. of 
Whiting Corp. ........ Back Cover 
Turbo-Mixer Corporation, Unit of 
General American Process Equip- 
ment Division. .. .Inside Front Cover 
U. S. Stenewere Ce. ........... 482 
Union Carbide & Carbon Corp.... 12 
Vulcan Copper & Supply Co., 
Inside Back Cover 
Whiting Corp. Swenson Evaporator 
Back Cover 


Wiggins Gasholder Div. ......... 19 


Vol. 46, No. 10 


5, 25, 26 | 


Hardinge Thickeners have been fur- 
nishing an efficient solution to the prob- 
lem of stream pollution and waste 
recovery, often paying for the cost of 
the installation with valuable products 
recovered. 


The two Hardinge Thickeners pictured 
above are recovering 65 tons of pure 


THICKENERS 
POPULAR 
FOR 


WASTE WATER 


RECLAMATION 


lime per 24 hours from waste tailings 
in a water treating plant in Florida. 


An ingenious device, known as the 
“Auto Raise” mechanism, prevents 
scraper breakage due to overloads. 
Spiral scrapers remove settled solids 
from the tank bottom in one revolution. 
Write for Bulletin 31-D-40, 


YORK, PENNSYLVANIA — 240 arch St. 


NEW YORK 17122 E. 42nd St. 


205 W. Wacker Drive—-CHICAGO 6 


SAN FRANCISCO 1124 Califeraie $4 ° 


‘jare your 


STILLS 

DRYERS 

EVAPORATORS 

CRYSTALLIZERS 

@ PROCESS VESSELS 


OPERATING AT VACUUMS LIMITED BY 
THE VAPOR PRESSURE OF THE CONDENSATE ?) 


| erystallizers and othe 


Many stills, dryers, evaporators, 
processing 
vessels are operating at vacua lim- 
ited by the vapor pressure of the 
condensate. This means on the aver- 
age an absolute pressure of about 
2.0" Hg. Most owners of such equip- 
ment do not realize how practical 
and economical it is to put a Booster 
Evactor in the line between the ves- 
sel and the condenser and maintain 
an absolute pressure of 0.5", 0.25" 
or even lower. The benefits of this 
higher vacuum in ~ qual- 
ity and capacity are often very sub- 
stantial. 

The steam jet type of vacuum 
pump has continually gained in fa- 


a 


vor for high vacuum in industrial 
process work. The total absence of 
moving parts is a big advantage and 
means many years of service, with 
no maintenance cost. Available in 
single, two-, three-, four- and five- 
~~ units for vacuum from a few 
inches up to a small fraction of 
1 tHe. absolute. 
Croll-Reynolds have been special. 
izing on this type of equipment for 
over 30 years, and have made thou- 
sands of separate installations. Their 
engineers have extensive experience 
in applying it to numerous different 
processes, and are available for con- 
sultation without obligation. Liter- 
ature is also available on request. 


17 JOHN STREET, NEW YORK 7, WN. Y. 


(aR CROLL-REYNOLDS CO., INC. 


REYNOLDS Chill-Voctors 
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Steam Jet Evectors 
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Condensing Equipment 
A 
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BROWN FINTUBE 


Tank Suction Heaters and Line Heaters 


@ Brown Fintube Tank Suction Heaters are moderately priced and 
highly efficient. They heat viscous oils so that they can be pumped 
more easily, and bolt or weld to a tank nozzle, or directly to the 
tank shell, so all piping and connections are made outside the tank. 


The Line Heaters are used as Suction Heaters to permit easier 
pumping of viscous oils; —or as Pressure Heaters, either to over- 
come temperature losses in long lines, or to preheat liquids for 
further processing. 


In all cases the bundles consist of Brown Fintube hairpins rolled 
into the tube sheet in full compliance with the ASME codes. Metal 
bands, placed around alternate finctubes, prevent the longitudinal 
fins from interlocking and restricting the flow. This construction 
avoids baffling, and permits the liquids being heated to pass through 
the bundle wnobstructed, in close contact with the fins and center 
tubes, with low pressure drop. Wide range of standard sizes. 


Send for Bulletin No. 482. It gives full details. 
let us quote on your requirements. 


Brown Fintube Hai-pin Bundles Show- 
ing the Banding of Alt Tubes 
thet Eliminctes Baffles and Assures 
Unobstructed Flow. 


Hairpin Bundle Assembled in Shell 
Showing Mounting of Tube Sheet 
Between the Shell and Heod. 


THE BROWN FINTUBE CO. (eee 


Ouro. 


HEAT TRANSFER 
PRODUCTS 
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AND EQUIPMENT. 


D MANUFACTURERS OF 
ond Piont, CINCINNATI, OHIO 
NATI INNATI, OHIO 


for DRYING HEAVY CHEMICALS 


Here is high-capacity spray-drying equipment 
that is especially suitable for handling heavy 
chemicals. It is direct fired, uses either oil or gas 
as fuel, and gives amazingly low-cost operation. 


It is but one of many applications of Swenson* 
Spray Dryers in the process industries. We will 
welcome an opportunity to assist you in adapting 
this equipment to your particular drying prob- 
lems. Have you sent for our descriptive Bulle- 
tin D-105? 


Direct-fired spray drying may 
be used for such materials as: 
Silica gel 

Kaolin clay 

Manganese sulfate 

Calcium carbonate 

Chrome sulfate 


Sodium phosphate 


Flow sheet shows typical spray- 
dryer installation for handling heavy 
chemicals. 


SWENSON EVAPORATOR CO. 


DIVISION OF WHITING CORPORATION 


15699 Lathrop Avenue Harvey, Illinois 
Eastern Seles Office and Expert Department: 30 Church Street, New York 7,N.Y. 
in Coneda: Whiting Corporation (Canede) Lid., 47-49 LaPiante Ave, Terente 2 
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